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The present thesis comprises six chapters. In Chapter 1, the importance of the 
problem and the lacunae in the understanding of the problem and justifications have 
been put forward for enterprising the present work. 
In Chapter 2, a review of the work done on individual as well as combined 
effects of cycocel and ethrel with nitrogen nutrition on crop growth and development 
has been envisaged. 
Chapter 3 deals with details of material and methods employed for the four field 
experiments conducted and relevant meteorological and edaphic data have been given. 
In Chapter 4, data on crop response to treatments, found significant at P<0.05 
on performing statistical analysis according to the design for the experiment, have been 
recorded. 
The significant results have been discussed in the context of earlier findings in 
Chapter 5. Chapter 6 deals with the summary, which is followed by bibliography. 
Four field experiments were conducted on mustard {Brassica juncea L. Czern & 
Coss.) during rabi season at Aligarh Muslim University, Aligarh fi-om 1997-99. 
Experiment 1 (1997-98) was conducted according to factorial randomized block 
design (RCBD) to study the effect of foliar application of 0, 200, 400, 600 and SOOppm 
of cycocel at 70d (post-flowering stage) on four mustard cultivars on growth, 
photosynthetic, nutrient accumulation, yield and quality characteristics under non-
irrigated conditions. Mustard cultivars used in the study included Alankar, Pusa 
Barauni, PBM16 and RH30. 
The growth parameters plant length, leaf number per plant, leaf area per plant, 
specific leaf area, specific leaf mass and dry mass distribution in leaf, stem and pod and 
plant dry mass were recorded at 80 (pod fill), 100 (maturity) and 120d (harvest) after 
sowing. Crop growth rate (CGR), relative growth rate (RGR) and net assimilation rate 
(NAR) were calculated for the periods 80-100 and 100-120 days interval. 
Photosynthetic parameters (chlorophyll content, net photosynthetic rate, stomatal 
conductance, photosynthetically active radiation and photosynthetic water use 
efficiency) and biochemical parameters (N, P and K concentration and their uptake) 
were also determined at these stages. At maturity (120d) yield parameters like number 
of pods per plant, seeds number per pod, 1000 seed weight, seed yield, harvest index, 
biological yield and seed yield merit were determined. Seed quality characteristics 
studied included oil content, oil yield and acid, iodine and saponification values. 
It was found in Experiment 1 that 400ppm cycocel gave maximum values for 
the parameters studied and increasing concentration of cycocel reduced the traits. At 
most active stage of plant (80d), cycocel spray enhanced the leaf number and leaf area, 
but at lOOd, there was reduction in leaf number per plant due to highest concentration 
(SOOppm) use of cycocel. 
Among cultivars, Alankar provided significantly superior results as compared to 
other cuhivars. Alankar had broader leaves than the other cultivars as it had the 
maximum leaf area in comparison to other cultivars. Spraying of cycocel increased the 
leaf area at 80d but reduced the leaf area at lOOd (when leaf area was maximum) in 
highest concentration (SOOppm) of cycocel. Distribution of dry mass (on per cent basis) 
towards leaf was more in PBM16 in comparison to other cultivars, whereas the per cent 
distribution towards pods was more in Alankar. Furthermore, the specific leaf mass was 
more in cycocel sprayed plants than that of control. Plant dry mass, CGR, RGR and 
NAR were also enhanced in cycocel treated plants. 
Among photosynthetic parameters content of chlorophyll per unit increased by 
cycocel application alongwith net photosynthetic rate. Photosynthetic water use 
efficiency was found to be maximum in Alankar sprayed with 400ppm of cycocel. 
The uptake of N, P and K was increased by 28.5, 24.8 and 25.9% respectively 
by 400ppm cycocel at lOOd. Among cultivars, Alankar with 400ppm cycocel 
accumulated highest nutrients. 
Alankar also registered maximum number of pods and significantly highest 
yield. The number of seeds per pod and 1000 seed weight were almost equal among all 
cultivars. It was found that Alankar had 17.0% higher yield as compared to Pusa 
Barauni, which had lowest yield among cultivars. 400ppm of cycocel increased seed 
yield and seed yield merit by 18.2 and 34.3% respectively. The same concentration of 
cycocel registered 11.5% increase in oil yield. The rest of the parameters on oil quality 
were found to be non-significant. 
Experiment 2 (1997-98) was conducted simultaneously with Experiment 1 
according to factorial randomized block design (RCBD). The objective of this 
experiment was to study the effect of foliar application of 0, 200, 400, 600 and SOOppm 
of ethrel at 70d (post-flowering stage) on different mustard cultivars. The cultivars as 
well as parameters studied were same as that in Experiment 1. It was found that 
200ppm ethrel spray proved most effective, but increasing concentration of ethrel 
reduced the characteristics. At 80d, the most active stage, 200ppm ethrel enhanced the 
leaf number and leaf area. There was, however, a reduction in leaf number per plant at 
lOOd due to highest concentration (SOOppm) use of ethrel spray. 
Alankar registered superior performance as compared to other cultivars studied. 
Spraying of ethrel increased the leaf area at SOd but reduced the leaf area at lOOd (when 
leaf area was maximum) in highest concentration (SOOppm) of ethrel. It was found that 
distribution of dry mass (on per cent basis) towards leaf was more in PBM16 in 
comparison to other cultivars, whereas the per cent distribution towards pods was more 
in Alankar. Furthermore, the specific leaf mass was more in ethrel sprayed plants than 
that of control. Enhanced plant dry mass, CGR, RGR and NAR finally contributed to 
the formation of seed. 
The content of chlorophyll per unit and net photosynthetic rate increased by the 
application of ethrel. However, the highest concentration (SOOppm) of applied ethrel 
showed highest value of chlorophyll but not the maximum dry mass. Photosynthetic 
water use efficiency was found to be maximum in Alankar sprayed with 200ppm of 
ethrel. Nutrient content increased in plant tissues due to application of 200ppm of 
ethrel. Among cultivars, Alankar was found to have higher nutrient absorbing capacity. 
However, nutrient uptake was significant only for nitrogen, which showed an increase 
upto 28.6% by 200ppm ethrel at lOOd sampling. 
Alankar showed 16.31% higher yield than that of Pusa Barauni, which had 
lowest yield among all the cultivars studied. 200ppm ethrel improved the number of 
pods per plant, seeds per pod and 1000 seed weight contributed to 22.8% increase in 
yield. Seed yield merit was also increased by 39.2% by the same ethrel treatment. 
However, further increase in the concentration of ethrel reduced the yield, proving the 
higher concentration inhibitory. An increase of 10.3% in oil yield due to 200ppm of 
ethrel was recorded while, oil content, acid, iodine and saponification values were not 
affected by the ethrel treatments and even cultivars did not show any significant 
difference. 
Experiment 3 (1998-99) was conducted according to factorial randomized block 
design (RCBD) to assess the effects of foliar sprays of 0, 200, 400 and 600ppm of 
cycocel at 70d (post-flowering stage) on mustard cultivar, Alankar grown with 0, 40, 60 
and 80kg N/ha. This experiment was conducted on the basis of Experiment 1, selecting 
the best cultivar Alankar and dropping SOOppm treatment from the spray treatments. 
The stages of determining the parameters were same as in Experiment 1. Growth, 
photosynthetic and biochemical characteristics studied were same as in Experiment 1. 
For assessing yield characteristics some additional yield traits like nitrogen harvest 
index, nitrogen yield merit and merit of genotype were also determined. 
In this experiment, the effects of cycocel remained the same. Spray of 400ppm 
of cycocel proved individually best for most of the traits. It was found that at initial 
growth stage (80d) the application of 60kg N/ha resulted in an increase of 38.0% in 
plant length and 50.3% in number of leaves while 47.3% increase in leaf area in 
comparison to 0kg N/ha at lOOd. Dry matter accumulation was much more in 60kg 
N/ha as compared to 0kg N/ha at harvest, which was due to significant increase in crop 
growth rate in 60kg N/ha. Net assimilation rate (NAR) as well as the relative growth 
rate (RGR) was more in higher levels of nitrogen, but the ultimate aim of producing 
greater biomass could be achieved only through 60kg N/ha treatment. The contribution 
of leaf dry mass to total dry mass was found to be relatively higher in nitrogen levels of 
40kg N/ha than all other treatments. 
Pod dry mass was found to be highest in 60kg N/ha treatment which was 61.3% 
more than 0kg N/ha treatment. Specific leaf mass, which reflects the amount of food 
materials in leaf was 7.6% at 80d and 7.2% at lOOd more in 60kg N/ha than 0kg N/ha. 
Contribution of pod dry mass was 13.4%) higher in 60kg N/ha than 0kg N/ha treatment 
at 80d. 
At eariy growth stage, rate of photosynthesis with 60kg N/ha treatment was 
13.0% more than 0kg N/ha treatment, which resulted due to increase in 
photosynthetically active radiation and enhancement in chlorophyll content. 
Photosynthetic water use efficiency increased by 26.5% at lOOd. The rate of 
photosynthesis was found to be highest in 60kg N/ha treatment at lOOd, while at higher 
growth stage retrieval in the rate of photosynthetic characteristics was found. 
Uptake of nitrogen, phosphorus and potassium was found to be maximum with 
60kg N/ha. Nitrogen deprivation (0kg N/ha) decreased the uptake of N, P and K, but 
60kg N/ha increased the uptake by 136.4%, 44.3% and 37.4% respectively as compared 
to 0kg N/ha at harvest. Nitrogen use efficiency was maximum when nitrogen was 
applied at optimum level (60kg N/ha) where about 50% of the increase in N uptake was 
used to increase seed yield. 
There was 54.9% increase in pod number, 65.0% increase in yield and 61.8% 
increase in biological yield between 0 and 60kg N/ha treatments. Seed yield merit and 
merit of genotype were enhanced by 78.4% and 54.4% respectively with 60kg N/ha in 
comparison to control. 
Application of nitrogen or foliar spray of cycocel did not alter the oil content of 
the seed in the present study. However, 60kg N/ha level increased oil yield by 60.4% in 
this experiment. The interactive effect of 400ppm cycocel with 60kg N/ha was 
synergistic for most of the traits studied. This interaction exhibited values, which were 
higher than their individual effects and any other combinations. 
Experiment 4 (1998-99) was conducted simultaneously with Experiment 3 
according to factorial randomized block design (RCBD) to assess the effects of foliar 
spray of 0, 200, 400 and 600ppm of ethrel at 70d (post-flowering stage) on mustard 
cuhivar, Alankar grown with 0, 40, 60 and 80kg N/ha. This experiment was conducted 
on the basis of Experiment 2 selecting the best cultivar Alankar and dropping SOOppm 
treatment from the spray concentrations. 
Growth, photosynthetic, biochemical and yield characteristics studied at 
different sampling stages were same as in Experiment 3. The effects of ethrel in this 
experiment remained same as shown in Experiment 2, that individual effect of 200ppm 
proved best. It was found that application of 60kg N/ha resulted in significant increase 
in plant length, number of leaves and leaf area in comparison to other treatments. 
Dry matter accumulation was much more in 60kg N/ha as compared to 0kg 
N/ha treatment at harvest, which was due to significant increase in crop growth rate. 
Net assimilation rate as well as relative growth rate were more in higher levels 
of nitrogen. However, ihe ultimate aim of producing greater biomass could be achieved 
only with 60kg N/ha treatment. Pod dry mass was found to be highest in 60kg N/ha 
treatment which was 50.9% more than 0kg N/ha at harvest. Contribution of pod dry 
mass was 16.2% higher in 60kg N/ha treatment than 0kg N/ha at 80d. At early growth 
stage, rate of photosynthesis with 60kg N/ha treatment was 32.6%) more than 0kg N/ha 
treatment, which was due to increase in PAR and chlorophyll content. Photosynthetic 
water use efficiency increased by 28.2%) at SOd between 0 and 60kg N/ha. The rate of 
photosynthesis at lOOd was found to be highest for 60kg N/ha while at higher growth 
stage retrieval in the rate of photosynthetic characteristics was found. 
Uptake of nitrogen, phosphorus and potassium was found to be maximum with 
60kg N/ha where the uptake of N, P and K was increased by 114.6%, 41.1% and 353% 
respectively at harvest. Nitrogen use efficiency was maximum when nitrogen was 
applied at optimum level (60kg N/ha) about 62%) of increase in N uptake was used to 
increase seed yield. 
There was 52.9% increase in pod number, 65.7% increase in yield and 60.4% 
increase in biological yield between 0 and 60kg N/ha treatments. Seed yield merit and 
merit of genotype were enhanced by 67.2%) and 24.1% respectively with 60kg N/ha in 
comparison to control. 
Application of nitrogen or foliar spray of ethrel did not aher the oil content of 
the seed in this experiment. However, application of nitrogen at 60kg N/ha level 
increased oil yield by 59.2%o. 
Spray of 200ppm ethrel on plants grown with basal 60kg N/ha was significantly 
much higher than any other concentration of ethrel sprayed on plants grown with any 
basal N. 
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"Agriculture is the engine of the national growth and development accounting 
for nearly 65 per cent of the country's employment, about 26 per cent of the GDP, 
nearly 20 per cent of the export earnings, and being the major supplier of raw materials 
for several industries. Agriculture is not only the backbone of the nation's economy and 
food security, but also a way of life and anchor of the overall livelihood of Indian 
people". This was the presidential address given by FAQ Assistant Director General 
and Regional Representative for Asia and the Pacific Region, at SS"" Indian Science 
Congress held from January 3-7, 2001 at New Delhi. 
It gives emphasis that agriculture is the backbone of Indian economy. Presently 
about 65 per cent of Indian population is engaged in agriculture, which accounts for 26 
per cent of the national GDP. The Government of India is aimed at achieving and 
maintaining aimual GDP growth rate of about 7 per cent and agricultural growth rate 
over 4 per cent. In this effort, during the last four decades, spectacular progress has 
been achieved in agricultural production in the country. Oilseeds, which provide 10 per 
cent of the total dietary energy supply, occupy an important place in India's economy, 
being next to food grains as a farm commodity, accounting for about 10 per cent of 
142.6 million hectares of the cultivated land. The oil seed group of crop plays a 
significant role in India's agrarian economy contributing 22.1 million tones reaped farm 
an area of 25.4 million hectares. Oilseeds hold a sizeable share of the country's gross 
cropped area (13%) and contributing 5 per cent of its GNP and 10 per cent of the value 
of all agricultural products. 
India is third largest edible oil economy in the world after Canada and China. It 
occupies a distinct position not only in terms of area under oil seeds but also in terms of 
diversity in cuhivation of oil seeds. India is blessed with the agro-ecological conditions 
favourable for growing nine major oil seeds, including seven edible oil seeds -
groundnut, rapeseed-mustard, soybean, sunflower, safflower, sesame, niger and two 
non-edible sources namely caster and linseed apart fi'om a wide range of other minor oil 
seeds and oil bearing trees. Oil of great commercial value is extracted from the species 
such as sal, mahua, karanf and neem. There are few non-conventional sources of oil. 
which are employed to increase the resources of vegetable oil in the country. Most 
important of them are cottonseed, rice bran, maize germ and tobacco seed. 
The fats contained in the seeds provide 2.5 times more calories than 
carbohydrates and make important cell membranes and serve as precursor for a variety 
of biologically active compounds collectively known as eicosannoids and leukotrienes. 
They also help in the transport of fat-soluble vitamins namely A, D, E and K in human 
body. Most of the vegetable oil is used directly in the human diet as cooking or salad 
oil and in margarine or indirectly processed products such as shortenings and 
confectionary. The major non-edible end use, which accounts to 20-30 per cent of 
vegetable oils, is the production of soaps, detergents, lubricants, resins, paints, 
varnishes cosmetics and a wide range of chemicals. 
Oil seed Brassicas account for approximately 10 per cent of the total world 
oilseed production and 14-15 per cent of the total vegetable oil production (Downey 
and Rimmer, 1993). Second position in rapeseed mustard in terms of average of 
production, India has about 35 per cent area of the world under oilseed cultivation, but 
produces only 7 per cent of the world's edible oil to meet the need of about 16 per cent 
of the total world population. Considering our productivity of rapeseed-mustard 
(707kg/ha), it is nowhere that of France (2,991kg/ha), Canada (l,235kg/ha) and China 
(l,243kg/ha), the world average being l,262kg/ha (Saini et ai, 1989). 
Due to languid production of oilseeds for last few decades, the country has 
driven down to abyss of scarcity. The perpetual shortage of oil has lead the country to 
import oilseeds worth 1,000 crore rupees per year (Tripathi, 1993) imposing stress on 
the already limited foreign exchange of the country. The principal reasons for such a 
dismal performance are predominant culture of oilseed crops under rainfed conditions 
with low inputs by the resource poor farmers along with poor crop management. The 
low production is also due to lack of methodology necessary for exploiting fijlly the 
genetic potential of the newly evolved high yielding varieties, which require large 
amount of synthetic fertilizers that an average farmer can not afford to apply due to his 
poor economic conditions. The other factors responsible for low productivity are: a) 
that most of the oilseed crops are raised on marginal and sub marginal lands having 
poor soil fertility and low water holding capacity b) many of oilseed crops are sensitive 
to water lodging caused by aberrant weather conditions c) non-availability of quality 
seeds of improved varieties in sufficient quantities at appropriate time d) non-
availability of agricultural techniques for high yielding varieties, post harvest 
technology and proper processing facilities e) only 68 per cent of flowers develop into 
pods g) pod shattering is a particular problem in oilseed rape which accounts to an 
average annual losses of about 20 per cent (Downey and Robbelen, 1989). Seed losses 
from oilseed rape as a result of shedding can leave upto 10,000 seeds/m on the soil 
surface (Lutman, 1993) h) internal hormonal imbalance during the sink development 
resulting in improper source-sink relationship. 
Indian agricuhure needs to be more knowledge intensive in order to keep pace 
with growing population pressure and diminishing land and energy resource-base. 
Integrating soil-water-irrigation-nutrient management should be aggressively promoted 
to bridge the yield gap of crops. The per capita requirement of oils and fats is 18gms 
per day. To meet this standard India has to produce an additional 9 tonnes. The 
Technology Mission on Oilseeds established in 1986 made some strides in production 
of oilseeds. Since then the area under cultivation has increased from 21 million hectare 
in 1987-88 to 27 million hectare in 1995-96, and the average yield per hectare has 
increased from 629kg/ha in 1987-88 to 815kg in 1994-95. 
For the successful "Yellow Revolution" sixty-two research centers have been 
established by Indian Council for Agricultural Research in different regions of the 
country to deal with different oilseed crops. However, even this spectacular progress is 
not without problems as 75 per cent of all oilseed farmers have small and marginal 
holdings of less than two hectares and only 15 per cent of the oilseed area is irrigated in 
contrast to 72 per cent in wheat and 44 per cent in rice, where yield of a crop is as low 
as 60 per cent of the irrigated areas. It is required to produce more and more from less 
land and water resources. In India, water availability per capita was over 5000m' per 
annum in 1950. It now stands at around 2000m' and is projected to decline to 1500m' 
by 2025 (Singh, 2001). Water stress has decisive role in the productivity of crop as it 
directly affects the nutrient uptake and through it almost every metabolic process in the 
plant, especially canopy development, assimilation rates and the distribution of 
assimilates within the plants (Tanguilig et ai, 1987; Khan, 1991; Lauer and Boyer, 
1992; Ismail et al., 1999; Lu and Zhang, 1999). 
In a water-fertilizer management for a crop, fertilizer application has been found 
to bring about marked improvement in water use efficiency with increasing fertility 
levels (Thakral et al., 1997). Evidences indicate that supplemental irrigation with small 
quantity of water and/or fertilizer application can substantially mitigate the adverse 
eftects of drought in various crops grown under such conditions as in pearl millet 
(Kathiju el ai, 1993), chickpea, safflower and linseed (Nimje and Bhandarkar, 1990) 
and sesame (Vyas et ai, 1987). 
Crops respond favourably to nitrogen with regard to growth, development and 
yield (Marschner, 1986; Khan et ai, 1990; SamiuUah et al., 1990; Boquet et al., 1993; 
Chhabra and Bishnoi, 1993; Khan et al., 2000; Dodd, 2001; Khan et al., 2001) as the 
nutrients forms the building blocks for the amino acids, proteins, nucleic acids and 
other cellular constituents necessary for development (Fageria et al., 1991; Salisbury 
and Ross, 1994). Nitrogen application also enhances the soil moisture extraction and 
increases water use efficiency during the vegetative period through larger leaf area 
without affecting water use during different levels of stored soil moisture (Vyas et al., 
1995; Thakral et al., 1997, Zaman and Choudhari, 1998; Dodd, 2001). 
Rationalization of fertilizer application based on moisture availability under 
rainfed situations is the basic principle in fertilizer management. It, therefore, calls for 
providing a better plant-growing environment as a pre-requisite for fertilizer application 
in dry lands. However, there is limitation in use of nitrogen due to various related 
phenomenon like eutrophication and a burden on foreign exchange due to cost of 
production of nitrogen fertilizer. Moreover, a poor fanner cannot afford the burden of 
high price of fertilizer although subsidies are provided by the Government. It may be 
reiterated here that in India about 75 per cent of the farmers have marginal holdings of 
less than two hectares and with limitations in increasing the acreage of cultivation, it is 
necessary to innovate the ways which can augment high yield of the crop with better 
utilization of the input fertilizers without affecting soil or water environment under 
limited availability of water. 
Thus the genotype of a crop should be manipulated in such a way as to utilize 
the maximum possible available resources. This has led to the option of enhancing the 
efficacy of the crops for reaping more solar energy and subsequently increasing the 
number of active sink and translocating the stored dry matter to the developing sink. In 
this context besides genetic and agronomic manipulation to improve the growth and 
productivity, another option is the chemical manipulation, which involves the use of 
growth regulators. The role of growth regulators in modification of plant growth and 
development has been extensively explored and they are known to be actively engaged 
in various physiological activities such as growth, flowering ion-transport and 
photosynthesis (Cheema et al., 1987; Gunderson and Taylor, 1988; Wasnik and Bagga, 
1992; Dodd, 2001; Khan etai, 2001). 
Earlier work carried out in this laboratory has established that gibberellic acid 
has potential to enhance growth, nutrient accumulation and yield ability of mustard 
grown under various regions of nitrogen, phosphorus, potassium and sulphur (Ansari, 
1996; Khan, 1996; Khan et al, 1996; Khan, 1997; Khan et al, 1997; Khan et al, 1998, 
Mobin, 1999; Khan et al, 2001). 
It was, therefore, felt imperative to elaborate the study on growth regulators and 
include two groups of growth regulators namely cycocel (a growth regulator that 
inhibits the gibberellic acid biosynthesis) and ethrel (a growth regulator that does not 
inhibit the gibberellic acid biosynthesis) and study their use under fertilizer N and water 
limited conditions. With these points in mind experiments were conducted to study the 
effect of application of cycocel and ethrel in association with the nitrogen for 
augmenting crop productivity through various growth, physiological, biochemical and 
yield characteristics under non-irrigated conditions. 
Four field experiments on mustard (Brassica juncea L. Czem & Coss) were 
designed to accomplish the following objectives: 
1. To study the effect of foliar application of cycocel on mustard cultivars for 
growth, photosynthesis, nutrient accumulation, yield and quality characteristics 
under non-irrigated conditions. 
2. To study the effect of foliar application of ethrel on mustard cultivars for 
growth, photosynthesis, nutrient accumulation, yield and quality characteristics 
under non-irrigated conditions. 
3. To study the effect of foliar spray of cycocel or ethrel on a mustard cultivar 
grown with varying levels of basally applied nitrogen on growth, photosynthetic 
water use efficiency, seed yield merit, nitrogen yield merit and merit of mustard 
genotype grown under non-irrigated conditions. 
4. To compare the efficacy of the applied growth regulators in changing the 
growth, nitrogen use efficiency and finally seed yield of mustard cultivars 
grown with or without nitrogen. 
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CHAPTER-2 
REVIEW OF LITERATURE 
2.1 Introduction 
The cultivation of plants was a great revolutionary accomplishment that 
presumably began in the Mesolithic or "middle stone stage" (from 12000 to 6000 B.C.), 
when man lived with the spear, bow and fishing net. The stone age is passed into the 
bronze age and the latter into the iron age with man's increasing needs, which urged 
him to search for better techniques to fulfill their needs. At present, we are living in the 
"space age" but even then, agriculture faces many challenges worldwide due to 
interaction of several complex phenomenon. One such phenomenon is population 
explosion because world population is growing at a rate of 78 million a year. Since 
1969, when UNFPA (United Nations Fund for Population Activities, later renamed as 
the United Nations Population Fund) began operative, population has grown from 3.7 
billion to 6 billion. The fastest growing regions in the population of the world are Sub-
Saharan Afiica, parts of South Asia and West Asia. According to 1999 UN estimates, 
Indian population stands at about one billion. India is the home of 16% of the world 
population. The country, however, accounts for 2.42% of the total world area. The 
basic strength of the Indian economy is its agriculture on which seventy per cent of the 
population depends for their livelihood. The challenges that Indian agriculture is facing 
are more daunting due to the factors responsible for decline in crop productivity, loss of 
bio-diversity, climatic changes and environmental degradation, etc. This has 
cumulatively added serious threats to the persistence of poverty and fiiture food 
insecurity. 
There are several constraints in increasing productivity of oilseeds, which are 
biotic and abiotic, on-farm and off-farm, technological and non-technological 
(institutional, cultural, socio-economic and political). Although oilseed crops are rich in 
energy but their languid production makes it an area of concern. Slow production of 
oilseeds has focussed the attention of agricultural scientists to research and implement 
the improvised methods for boosting the yield and utilize exploitable yield reservoir 
through proper nutrition, plant protection measures, high yielding varieties, improved 
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agronomic practices, maintaining internal hormonal balance and source-sink 
relationship. 
Demand for edible oils being income elastic, the increase in population coupled 
with increase in income have led to demand growth at a little over six per cent per 
annum. The present supply deficit (of oilseed) managed through imports not only lead 
to foreign exchange drain but also cause severe concern to the domestic oilseed sector. 
Hence, target of achieving self-sufficiency is of prime importance. This calls for 1) 
improved productivity of farmers fields through exploitation of commercially untapped 
yield reservoir 2) demand of driven research agenda 3) value addition to oilseeds and 
their products and 4) favourable public policy. In other words, there is a need for strong 
farmer-research industry-policy interface. 
Proper soil management ensuring continued maintenance and building up of soil 
fertility is indispensable for greater productivity fi'om agricultural land. In this context, 
inorganic fertilizers, the application of which account for about 40-50% of the world 
agricultural production, are immensely remarkable. The green revolution of Indian 
agriculture owes to this form of nutrition. 
While the use of fertilizers can boost crop yield, their prohibiting cost 
frequently deter farmers fi"om using them in desired quantities and in balanced 
proportions. Further, their indiscriminate use also cause concern for deteriorating the 
soil and water atmosphere through the various environmental phenomenon. Therefore, 
with the limited approach to nutrients, it is need to develop plant ideotype with higher 
use efficiency of nutrients and its transformation into economic yield under adverse 
environmental conditions. 
Among primary nutrient demands, nitrogen is a major nutrient and its 
availability in the rhizosphere has been found to enhance the yield and quality of 
oilseed crops (Ansari, 1990; Jeschke et ai, 1992; Awasthi and Surajbhan, 1994, Khan, 
1996; Khan et a/.,1997; Sarkar et ai, 1999; Khan et ai, 2000; Dodd, 2001). 
Along with the proper nutrition, if plants hormonal balance can be made 
through chemical manipulation, there would be a benefit in economising the nutrients 
and augmenting oilseed production. One such group of chemical is thought to be plant 
growth regulators. Besides naturally occurring growth regulating substances, there are 
chemicals which may act as plant growth promoters or plant growth retardants. The 
philosophy behind the use of growth regulators has been discussed in Chapter 1. 
Keeping in view the specific nature of the problem, the following pages deal 
with the work done on plant growth regulators (with special emphasis on cycocel and 
ethrel) and mineral nutrition (specially nitrogen) on morphophysiology, biochemical 
changes and productivity of crops. 
2.2 Plant Growth Regulators 
The chemical control of the plant growth to reduce the size through the use of 
plant growth regulators is a common practice to make a plant more compact and 
commercially more acceptable. A number of synthetic compounds are known that 
manage shoot grov/th in higher plants without being phytotoxic or causing 
malformation or damage (Salisbury and Ross, 1994). Some of these substances have 
been found in agricultural practices, since they reduce the rate of stem elongation, thus 
increasing the standing ability and lodging resistance (Salisbury and Ross, 1994). They 
have been shown to be involved in the regulation of photosynthesis and the movement 
of photosynthetic products from their site of synthesis in the leaf to their site of 
accumulation (Thomas, 1986; Krishnamoorthy, 1993; Khan, 1996; Khan etal., 2000). 
The most commonly used and best understood group of plant growth regulators 
consist of those which inhibit gebberellin biosynthesis, as for example quaternary 
ammonium compounds, pyrimidines, triazales and norbomenodiazetines that interfere 
with biosynthesis of gibberellins and sterols (Izumi et ai, 1984; Rademacher and Jung, 
1986; Krishnamoorthy, 1993) and those which regulate the production of ethylene 
{AhdQsetai, 1992). 
2.2.1 Cycocel (Chlormequat chloride or CCC) 
This gibbrellin biosynthesis inhibitor is involved in the inhibition of cyclization 
of geranyl-geranyl pyrophosphate to copallyl pyrophosphate. Growth regulators which 
inhibit the biosynthesis of gibberellins have been shown to enable the plants to impart 
tolerance against abiotic stress due to water (De et al, 1982; Knapp et al., 1987; Davis 
and Curry, 1991). Besides this, other growth regulators of the same category include 
mepiquate chloride, AMO-1618, phosphon-D and phosphonium chloride (Hedden, 
1990; Krishnamoorthy, 1993) and have extensively used in agriculture (De et al., 1982; 
Knapp etal., 1987; Grewal and Kolar, 1990; Davis and Curry, 1991). 
Several trizole derivatives are known to be effective inhibitors in higher plants, 
and thus have potential application in agriculture (Sauerbrey et al., 1988; Davis and 
Curry, 1991; Krishnamoorthy, 1993). Trizole compounds, which include paclobutrazol. 
uniconazole, triapenthenol, BAS 111 and LAB 150978, inhibit the microsomal 
oxidation of kaurene, kaurenol and kurenal (Izumi el al., 1984). It is known that the 
trizole type of growth regulators may affect reactions other than ent-kaurene oxidation. 
Tatcyclacis is a norbomenodiazetine derivative which reduce gibberellin 
biosynthesis by blocking microsomal oxidation of kaurene to kaurenoic acid 
(Rademacher and Jung, 1986) and also inhibits sterol biosynthesis, acting like triazole 
type plant growth retardants (Davis and Curry, 1991). Prohexadione calcium 
(Nakayama et al., 1990) and Inabenfide also have been found to have growth retardant 
activity by blocking gibberellin biosynthesis (Arteca, 1997). 
2.2.2 Ethrel (Ethephon) 
A ethylene generating chemical is ethephon or ethrel (2-chloroethylephosphonic 
acid). Ethephon is a synthetic plant growth regulator that undergoes chemical 
biodegradation at pH greater than 4.1 in cell cytoplasm to release ethylene (Urwiler and 
Stutte, 1986; Kasele et al., 1995). The use of ethephon as a growth retardant has been 
shown for controlling lodging of cereal and grain crops (Davis and Curry, 1991). 
Ethephon has also been found to impart tolerance against water stress and increasing 
the productivity of oil seed crop (Khan et al., 2000). The other ethylene releasing 
compounds are etacelasil, holoethylsulfunic acids, 2-hydroethyle lydrazine (Arteca, 
1997). 
Ethylene is a gaseous plant growth regulator involved in a diverse array of 
cellular, developmental and stress related processes in plants. Prevention of ethylene 
accumulation in atmosphere and inhibition of its effects by lowering the temperature 
and increasing the COj concentration are widespread produce storage practices. Silver 
ion also inhibits the ethylene action, acting at the receptor level (Veen, 1986), is a 
useful laboratory tool (Yang, 1987, Smalle et al., 1997). Cobalt (CO^O has also been 
found to inhibit ethylene production and reversed the effects of ethylene. The 
antagonistic properties of AgNOs and COCb have also been reported, the application 
of which reversed the effects of ethylene in plants of Canabis sativa. Similar results for 
cobalt chloride and silver nitrate have been reported by Mhatre et al. (1988). Silver 
thiosulphate, an inhibitor of ethylene action completely reversed the inhibitory effect of 
ethephon on stem elongation (Saniewske and Ludhika, 1989). Koritsas (1988) and 
Child et al. (1998) showed that aminoethoxy vinylglycine inhibits the biosynthesis of 
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ethylene. Cyclopropenes and 2, 5-norbormadiene have also been found to be effective 
antagonists of the ethylene response (Sisler and Yang, 1984; Sisler et al., 1996a, b). 
Ethylene is a growth regulator that do not inhibit gibberellin biosynthesis. 
Ethylene is the simplest olefin with molecular formula H2C=CH2 exists in the gaseous 
state under normal physiological conditions. Its effect on various physiological 
processes at different stages of plant growth and development have been well 
documented (Abeles ei al., 1992; Pua and Chi, 1993; Khan, 1996; Khan et al., 2000). 
Ethylene is known to exert its effects, at least in part, by altering gene 
expression. Effects on both transcriptional and post transcriptional processes have been 
well identified. Dependent on the plant material and state of development, promoting or 
inhibiting effects of ethylene on intemode growth has been observed (Sisler and Yang, 
1984). Physiological conditions like water stress on drought also promote the ethylene 
synthesis in plants (Tudela and Primomillo, 1992; Bergner and Teichmann, 1993; 
Michelozzi e/a/., 1995). 
Ethylene is important both in normal development, and for plant response to 
stress. During normal development, ethylene is thought to co-ordinate events such as 
growth and development, senescence, abscission and fruit ripening (Abeles et al., 
1992). Ethylene biosynthesis has been found to increase in response to wounding, 
pathogen attack, mechanical stimulation and drought (Abeles et al., 1992). 
2.3 Crop Response to Plant Growth Regulators 
2.3.1 Plant growth regulators and growth parameters 
2.3.1.1 Plant height 
Growth regulators have been found to affect plant height (Sauerbrey et al., 
1987; Guruprasad and Guruprasad, 1988; Dijkstra and Kuiper, 1989; Krishnamoorthy, 
1993). Tertiary ammonium compounds like CCC produced reduction in height without 
any malformation by reducing cell elongation and also by lowering cell division 
(Rademacher and Jung, 1980; Kar et al., 1989; Choudhary and Gupta, 1996), 
Foliar spray of CCC reduced plant height in Brassica napus (Grewal et al., 
1993). Foliar spray of 10, 25 and 50mg/L of uniconazole reduced seedling height in 
winter rape {Brassica napus L.) (Zhou and Ye, 1996). CCC application reduced plant 
height in Catharanthus roseus L. (Choudhary and Gupta, 1996). Plants of Brassica 
napus when treated with BAS III W via the soil at 3mg per pot, plant height was 
reduced to about 20% than that of controls (Hedden et al., 1989). Spraying of pepper 
plants with paclobutrazol reduced the plant height by 20% as compared to control 
plants (Lurie et al, 1994). Paclobutrazol has been used extensively to reduce seedling 
height in rape (Scarisbrick, 1985; Zhou and Xi, 1993). 
Cycocel at SOOml/ha and mepiquat chloride at 1.25 1/ha applied at flower 
initiation stage significantly reduced plant height of Indian mustard (Rajput et al., 
1996). Application of CCC reduced plant height in soybean (Abo-El-Kheir, 1994), flax 
plants (Osman and Abu-Lila, 1985) groundnut (Jeya Kumar and Thangaraj, 1996), 
linseed (Sharma and /-garwal, 1982; Leitch and Kuat, 1999), sunflower (Pando and 
Srivastava, 1985), oat (Sangeeta and Varshney, 1987), buckwheat (Tahir and Farooq, 
1988) and barley (Sanvicente et al., 1999). 
Depending on the plant material and state of development, promoting or 
inhibiting effects of ethylene on intemode growth has been observed (Sisler and Yang, 
1984; Krishnamoorthy, 1993), Ethephon appreciably reduced the shoot length of 
sunflower plants and the intemode elongation (Sauerbrey et al., 1987). Slife and Earley 
(1970) applied ethrel to flowering soybean plants at 0.56 to 2.24 kg/ha rates and all the 
treatments caused a decrease in plant height. Foliar application of ethrel at the rate of 
500, 1000 and 1500ppm reduced plant height in Brassica napus (Grewal et al., 1993). 
Ethephon has been found to reduce plant height in barley (Bulman and Smith, 1993, 
Sanvicente et al., 1999), sunflower (Sauerbrey et al., 1987), soybean (Urwiller and 
Charles, 1986) rice (Nafziger et al., 1986), winter wheat (Van Sanford et al., 1989), 
lupin (Ortuno et al., 1993), linseed (Leitch and Kuat, 1999), radish (Vreugdenhil and 
Harrow, 1989), arabidiopsis seedlings (Smalle etal., 1997). 
Contrarily Jana and Kabir (1991) reported that application of ethrel to 
cauliflower cv. Dania significantly increased plant height at 300ppm. However, growth 
was adversely affected at higher concentration. 
2.3.1.2 Leaf number 
Researchers have observed suppression of leaf expansion and production of 
more compact plants with darker green foliage following growth retardant application 
(Shanahan and Nielsen, 1987; Butler et al, 1989; Sairam et al., 1989; Zhou and Xi, 
1993; Kulkami et al., 1995; Reddy et al., 1996; Zhou and Ye, 1996). 
Total number of leaves per plant of Catharanthus roseus L. increased with the 
application of CCC over control (Choudhary and Gupta, 1996). Singh (1996) found that 
application of CCC increased panicle number per plant in wheat genotypes. However, 
12 
in soybean plants treatment with CCC significantly decreased number of leaves per 
plant (Abo-El-Kheir et al., 1994). It is also reported that CCC application decreased the 
number of leaves per plant in Arachis hypogea. Foliar sprays of uniconazole at 10, 25 
and 50 mg/litre concentration significant by increased the number of green leaves in 
winter rape (Zhou and Ye, 1996). 
Ramos et al. (1989) observed ethephon application at tillering increased both 
number of ears/plant and per pot in spring barley {Hordeum vulgare). Ethephon was 
found to be beneficial for increasing the number of leaves per plant of onion {Allium 
cepa L.). 
2.3.1.3 Leaf area 
Leaf area per plant was found to increase significantly by cycocel treatment at 
1500 mg/1 over control in Cyamopsis tetragonoloba L. Singh (1996) found that 
exogenous application of CCC increased leaf area per plant in wheat cultivars (Afiia et 
al., 1988). Contrary to this some reports say that exogenous application of CCC 
significantly reduced the total leaf area in plants like, soybean cultivars (Abo-El-Kheir 
et al, 1994), cotton (Reddy et al., 1996) sunflower (Pando and Srivastava, 1985). 
Ethylene has been shown to influence leaf expansion by suppressing cell 
enlargement rather than division (Kieber et al., 1993, Rodriguez Pousida et al., 1993). 
Ethephon treatment reduced leaf area as compared to control plants in Zea mays 
(Kasele et al, 1995). However, ethephon application promoted expansion of primary 
leaves, while at higher concentrations of ethephon showed a reduction in the area of the 
primary leaves ofHelianthus annus (Lee and David, 1997). 
2.3. L4 Leaf area index 
Jeya Kumar and Thangaraj (1996) found that CCC reduced leaf area index in 
groundnut. CCC application also reduced LAI in Brassica napus (Grewal et al, 1993). 
However, Grewal and Kolar (1990) could not find a change in response to the 
application of CCC (250ppm) on Brassica juncea. Singh et al. (1987) working on 
soybean and Grewal and Kolar (1990) on mustard reported an in increase in LAI in 
soybean by the application of ethrel. 
Flag leaf area index was greater in wheat treated with ethephon over control but 
plant leaf area index was not aflFected by ethephon (Van Sanford et al, 1989). Khan 
(1996) and Khan et al. (2000) also reported an increase in LAI response to ethrel spray 
in Brassica juncea L. under irrigated and non-irrigated conditions 
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2.3.1.5 Dry mass 
Exogenous application of CCC increased dry matter production in rape 
{Brassica juncea). Increase in dry matter percentage by CCC application was also 
reported by Dijkstra and Kuiper (1989). Choudhury and Gupta (1996) reported 
increased dry weight of leaves per plant of Catharanthus roseus L. with application of 
CCC. Plants of F. sagittatum receiving 100 mg/L cycocel showed an increase in dry 
matter (Tahir and Farooq, 1989). Exogenous application of CCC increased dry weight 
of shoot in green gram (Mandal et al., 1997). 
Contrarily Abo-El-Kheir et al. (1994) reported decrease in dry weight of 
soybean plants on application of CCC. Ghosh et al. (1994) observed increased dry 
weight per plant in sesame, safflower and linseed by the application of growth 
regulators like Mirculan, Nutron, Planofix and Paras over control plants. Mepiquat 
chloride application also enhanced total dry matter production in groundnut (Jeyakumar 
and Thangaraj, 1996). Application of 6B1 decreased dry weight of com (Kasele et al., 
1995), but unicanozole treatment increased dry weight of rape (Zhou and Ye, 1996). 
The plant growth regulator ethephon influenced the dry matter significantly in 
mustard (Khan, 1996; Khan et al., 2000), winter wheat (Nafziger et al., 1986; Van 
Sanford et al., 1989) and barley (Simmons et al., 1988). The dry weight of main stem 
and root of ethrel treated mungbean plants was significantly higher (Panwar et al., 
1988). Contrarily to these reports, Urwiler and Stutte (1986) noted decrease in dry 
weight of soybean plants due to ethephon treatment. 
2.3.1.6 Crop growth rate (CGR), relative growth rate (RGR) and net assimilation 
rate (NAR) 
Exogenous application of CCC and mepiquat chloride enhanced the crop 
growth rate of groudnut (Jeyakumar and Thangaraj, 1996). However, RGR was 
decreased by CCC application in Plantgo major (Dijkstra and Kuiper, 1989). 
2.3.2 Growth regulators and photosynthetic parameters 
2.3.2.1 Chlorophyll 
Favourable effects of growth regulators on chlorophyll content have been 
reported by number of workers. Cycocel at 250 and 500ppm significantly improved the 
chlorophyll content in leaves of Brassica napus (Grewal et al., 1993). The beneficial 
effects of cycocel on chlorophyll contem have also been reported in various systems, 
like mungbean (Shah and Prathapasenan, 1991), green gram (Mandal et al., 1997), 
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varieties of guar (Afria et al, 1998), sesamum (Bashist, 1990), soybean (Abo-El-Kheir 
et al., 1994), onion (Miroshnichenko and Manankov, 1992), wheat (Sairam et al., 
1991), safflower(Kare/a/., 1989). 
Ethrel at SOOppm significantly increased the chlorophyll content in leaves of 
Brassica napus. However, higher doses of ethrel (1000 and 1 SOOppm) showed 
detrimental effect (Grewal et al, 1993). 
2.3.2.2 Photosynthesis 
Increased rates of photosynthesis per unit leaf area have been observed after the 
application of growth regulators on different plant species (Liu et al., 1993; Yang et al, 
1994). Plant growth regulators can affect photosynthetic CO2 uptake either by affecting 
stomatal aperture or by affecting the activity of photosynthetic enzymes (Foroutan-pour 
et al, 1997). Exogenously applied CCC as spray increased the photosynthetic rate in 
pigeon pea (Dayal et al, 1993). Cycocel has been found to cause stimulation in the rate 
ribulose biphosphate carboxylase activity and rate of CO2 fixation (Numi, 1979; Pando 
and Srivastava, 1985). CCC application recorded higher hill reaction activity and total 
chlorophyll contents indicating higher photochemical activity in genotype of rice 
(Bashist, 1990) under moisture stress as well as irrigated conditions. CCC application 
to foliage of wheat increased the photosynthetic rate (Sairam et al, 1991). The 
beneficial effect of CCC on photosynthesis, chlorophyll and nitrogen metabolism under 
moisture stress have also been reported by others (Avundzhyan and Shirakyan, 1974; 
Kisamutdinova et al, 1974, Jaidayal et al, 1993). Butler et al (1989) found that the 
use of bioregulators had little effect on the photosynthetic rate of leaves which were 
fully expanded at the time of application, but for leaves which developed subsequently, 
there was a reduction in photosynthesis per unit chlorophyll. The reduction in the rate 
of photosynthesis was explained as because of decreased stomatal conductance. 
Application of both ABA and triadimefon considerably enhanced rate of 
photosynthesis in wheat under moisture stress conditions (Sairam et al, 1989). 
Enhancing effect of other growth retardants mixtalol (Zhau and Xi, 1993) and 
uniconazole (Zhou and Ye, 1996) were also recorded on photosynthesis. Foliar 
application of ethephon to spring bariey caused an increase in penultimate leaf 
photosynthetic rate (Subramanyam and Rathore, 1992; Pua and Chi, 1993). Some 
reports also indicate that ethrel application either do not affect photosynthesis rate or 
had adverse effect on on the parameter. In one of the study of Subramanyam and 
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Rathore (1992) they found that ethrel application had no significant effect on 
photosynthesis on stem and reproductive parts of Indian mustard. However, 
photosynthesis in upper leaves and to a lesser extent in lower leaves was lowered by 
ethrel application. Exogenous application of ethrel has also been found to cause 12-
18% reduction in photosynthesis (Pua and Chi, 1993). 
Studies conducted in the authors laboratory have shown that exogenous 
application of ethrel enhanced photosynthesis in mustard under unirrigated conditions 
(Khan e/a/., 2000). 
2.3.2.3 Photosynthetically active radiation 
Photo synthetically active radiation (PAR) is a measure of radiation available for 
photosynthesis. It is well known that plants vary in response to radiations of different 
wavelengths within the canopy. Mean sunlight irradiance or the proportion of sunlight 
leaf surface diminishes as an exponential function of leaf area index. Changes in 
radiation quantity also occur largely due to the spectral properties of leaf pigments, 
leading to a reduction in the red/far red ratio as light penetrates the canopy. In this 
respect there are several evidences that potentiate the claims of canopy change under 
the influence of growth regulators, which bring about a desirable modification in PAR. 
Grewai and Kolar (1990) in their experiment on Brassica napus reported that 
application of CCC (250 and 500ppm) and ethrel (500, 1000 and 1500ppm) had 
negative impact on PAR interception. 
2.3.3 Plant growth regulators and nutrient uptake 
Plant growth regulators are known to influence ion transport, have special 
effects on membrane properties and on transport fianctions. Growth regulators have 
affiliated with reinforcement of assimilate translocation in established sink-source 
systems (Thomas, 1986). Desirable increase in the produce of field crops was due to 
alteration in the trends of assimilate distribution (Addo-Quaye et al., 1986). The 
allocation of newly fixed carbon into different metabolic products influenced the 
partitioning of carbon and growth activity of the whole plant. It is reported that K level 
in the stems of soybean {Glycine max) increased on application of CCC grown under 
green house conditions. Foliar application of chlorocholine chloride at the rate of 
300ppm and ethrel at the rate of 200ppm at the flower initiation stage increased the 
uptake of N, P and K in soybean plants. N uptake by CCC treatment was reported in 
sesamum (Bashist, 1990). Chlormequat application increased uptake of N, P and K in 
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Brassica juncea (Guroo and Patel, 1993). Exogenous application of CCC enhanced 
nitrogen content in tall genotype of wheat (Singh, 1996) and in sesamum (Bashist, 
1990). It was explained that CCC affected the membrane leading to reduced K^  in 
guard cells and causing stomatal closure. 
Ethephon had a strong effect on cuhivar N use efficiency and in particular on 
the role of N uptake efficiency in winter wheat (Van Sanford et al, 1989). Use of 
ethephon resulted in an increased uptake in barley (Bulman and Smith, 1993) and 
Indian mustard (Subrahmanyam and Rathore, 1992a, b. Khan, 1998, Khan et al., 2000). 
Contrarily Dhakal and Erdi (1986) found that ethylene had no influence on K* and Na' 
levels neither at lower nor at higher concentrations in wheat. In a field trial on mustard 
under irrigated conditions (Khan, 1998) and under non-irrigated conditions. Khan et al. 
(2000) reported that ethrel sprayed plants accumulated higher plant N and seed N 
content, and enhanced nitrogen harvest index and nitrogen yield merit (Khan, 1998). 
Under non-irrigated conditions ethrel sprayed plants utilized N from the soil more 
effectively and showed increased nitrogen harvest index and nitrogen yield merit (Khan 
etal.,2000). 
2.3.4 Plant growth regulators and yield parameters 
Yields components like pod number, seed number per pod and seed weight do 
not only depend on nutritional factor but also on hormonal status (Paulpandi et al., 
1998). 
2.3.4.1 Pod number 
Foliar application of chlorocholine chloride at the rate of 300ppm and ethrel at 
the rate of 200ppm at the flower initiation stage improved the number of pods per plant 
in soybean. Chlormequat application increased number of pods per plant in B. juncea 
(Ashraf ef al., 1987; Saini et al., 1987), groundnut (Jeyakumar and Thangaraj, 1996), 
soybean (Abo El-Kheir et al., 1994), green gram (Mandal et al., 1997). 
Foliar spray of ethrel increased the mmher of mature pods per plant of peanut 
{Arachis hypogea) varieties over no spray. Urwiler and Stutte (1986) reported increased 
the number of one-seeded pods in ethephons treated soybean plants. 
Results reported from the author's laboratory have confirmed the beneficial 
effects of ethrel in pod number of mustard {Brass.ca Juncea L ) under irrigated (Khan, 
1996; 1998) and non-irrigated (Khan ./ al., 2000) conditions. However, exogenous 
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application of ethrel resulted in detrimental effect on pods per plant in Brassica napus 
reported by Grewal et al. (1993). 
2.3.4.2 Seed number 
Pod number and seed number per pod are determined early after flowering 
(Pechan and Morgan, 1983) and have been found to be influenced by growth regulators 
(Zhou and Xi, 1993; Foroutan-pour et al, 1997). Cycocel application influenced the 
number of seed/capsule positively in linseed plants. Abo El Kheir et al. (1994) reported 
increased seed number per plant in CCC treated soybean cultivars. Further, 
chlormequat application increased the number of grains per year by 26-29% in wheat 
and number of bolls located per plant in cotton crop (Cia et al., 1996). However, Ashraf 
et al. (1987) found the eSfect of CCC on number of seeds per pod in Brassica juncea to 
be non-significant. 
Foliar application of ethrel at flowering and pegging stages increased number of 
seeds and size of seeds in groundnut 
2.3.4.3 1000 seed weight 
Seed weight of the crop is noted to be influenced with the application of plant 
growth regulators. Saxena et a/. (1991) found that CCC (200ppm) contributed towards 
a large increase in 1000 seed weight of Sesamum indicum L. Saini et al. (1987) and 
Tripathi and Singh (1989) in Brassica juncea L , Cia et al. (1996) in cotton, Kumar and 
Bharti (1988) and Pando and Srivastava (1987) in sunflower reported an increase in 
seed weight due to CCC. In contradiction to above results Ashraf e/a/. (1987) found no 
significant effect of CCC on seed weight oi Brassica juncea. 
Reduction in seed weight was noted by Lucas et al. (1993) in spring wheat 
cultivars and in Brassica napus by Grewal et al. (1993). Foliar application of ethrel at 
200ppm concentration increased 1000 grain weight in soybean. Spray at flowering 
stage on Indian mustard also increased seed weight (Singh and Kumar, 1991). 
Ethephon increased 1000-seed weight in onion {Allium cepa L.) compared to control 
(Singh et al., 1995). However, Grewal et al. (1993) observed that ethrel treatment 
resulted in detrimental effect on 1000-seed weight in Brassica napus, while Ramos et 
al. (1989) in barley {Hordeum vulgare L) , Khan et al. (2000) in mustard {Brassica 
juncea L.), Coffelt and Howell (1986) in peanut {Arachis hypogeni L.) failed to observe 
any increase in 1000 seed weight in response to the foliar spray of ethephon. 
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2.3.4.4 Seed yield 
Improvement in the seed yield of Brassica juncea in response to the 
chlormequat was observed by Ashraf e/ al. (1987), Saini et al. (1987), Singh et al. 
(1988), Tripathi and Singh (1989), Guroo and Pate! (1993) and Rajput et al (1996), 
Application of CCC has been found to influence the total seed yield/plant positively in 
linseed (Linum usitatissimum). Cyamopsis tetragonoloba L. (Afria et al., 1998), green 
gram (Mandal et al., 1997), triticale (Naylor and Stephen, 1993), com (Shanahan and 
Nielsen, 1987), wheat (Knapp et al., 1987, Sairam et al., 1991; Lucas et al., 1993), 
sunflower (Pando and Srivastava, 1985; Kumar and Bharti, 1988), sesame (Tripathi and 
Singh, 1989; Saxena et al., 1991), soybean (Abo-El-Kheir et al., 1994), ground nut 
(Giridhar and Giri, 1997). But contrary to these results, application of paclobutrazol to 
oilseed rape could not induce any increase in the seed yield of the crop (Scarisbrick et 
al., 1985). Grewal et al. (1993) observed that CCC of 500ppm concentration 
substantially decreased seed yield in Brassica tiapus. Increase in the seed yield of 
mustard in response to ethrel has been reported by Grewal et al. (1993), Khan (1996; 
1998) and Singh and Kumar (1991). Joshi et al. (1987) also reported increase in seed 
yield in ground nuX{Arachis hypogea L.) when treated with ethrel. Foliar application of 
ethrel on cauliflower increased the seed yield per plant at 300ppm while it was 
adversely affected at higher concentration (Jana and Kabir, 1991). 
Ethephon treatment increased significantly grain yield in corn (Kasele et al., 
1995) and barley (Bulman and Smith, 1993). Contrarily, Slife and Barley (1970) found 
that applied ethrel to flowering soybean plants at 0.56 to 2.24 kg/ha rates decreased 
yield of seed per hectare. Grewal et al. (1993) at the rate of 1000 and 1500ppm ethrel 
also observed substantial decrease in seed yield in Brassica napus. Under non-irrigated 
conditions application of 200ppm ethrel to foliage enhanced seed yield in Brassica 
juncea was reported by Khan et al. (2000). Early application of ethrel as compared to 
chlormaquat resulted in significant reduction in seed yield of linseed (Leitch and Kuat, 
1999). 
2.3.4.5 Biological yield 
Exogenous application of CCC increased the biological yield in different 
genotypes of wheat (Singh, 1996). Biological yield and merit of genotype were 
enhanced in ethylene treated mustard plants under non-irrigated conditions (Khan et al.. 
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2000). Khan (1996, 1998), in another study with availability of water, found enhancing 
effect of ethrel on biological yield of mustard. 
2.3.4.6 Harvest index 
An application of cycocel has shown increase in harvest index in sunflower 
(Pando and Srivastava, 1985), wheat (Singh, 1996). However, Afria et al. (1998) in 
varieties of Cyamopsis tetraganoloba L. reported significant decline in harvest index 
due to cycocel treatment. 
Dormant seeds of groundnut {Arachis hypogea L.) were when treated with 
ethrel gave higher harvest index than the water soaked dormant seeds (Joshi et al., 
1987). Van Sanford et al. (1989) observed equivalent harvest index in both ethephon 
treated and control plants in winter wheat. Khan (1996; 1998) and Khan et a/,(2000) 
also found that harvest index was not influenced significantly in ethylene treated plants 
of mustard. 
2.3.4.7 Oil yield 
Remarkable enhancement in the oil yield winter rape {Brassica napus L.) was 
recorded when uniconazole (Zhou and Ye, 1996), mixtalol and paclobutrazol (Zhou 
and Xi, 1993) were applied. Khan (1996) reported impressive increase in the oil yield 
of mustard in response to ethrel application. 
2.3.5 Plant growth regulators and quality parameters 
2.3.5.1 Oil content 
The oil content in the seeds of sunflower {Helianthus annus L.) increased by the 
application of CCC applied either at pre or post flowering stage (Pando and Srivastava, 
1987). Seed oil content of Brassica juncea also increased by chlormequat application 
(Tripathi and Singh, 1989). Saini et al. (1987) also reported similar resuHs in Brassica 
juncea under both irrigated and rainfed conditions. However, Grewal and Kolar (1990), 
Guru and Patel (1993) and Ashraf e/ al. (1987) in Brassica juncea, Grewal et al. (1993) 
in B. napus L. Leitch and Kuat (1999) in linseed, Abo-El-Kheir et al. (1994) in soybean 
reported that exogenous application of CCC had no significant effect on oil content of 
the seeds. Contrarily, Qsman and Abu-Lila (1985) in linseed reported that application 
of CCC decreased seed oil content. 
Exogenous application of ethephon at the rate of 250ppm reduced essential oil 
content of peppermint and slight increase in essential oil content of sage (El-Keltawi 
and Rodney, 1986) was reported. Grewal et al. (1993) in B. napus, Grewal and Kolar 
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(1990) in Brassica juncea, Leitch and Kuat (1999) in linseed reported that ethrel 
application had no influence on the seed oil content of the plants. 
2.3.5.2 Amino acid content 
In a field trial with triticale, Nayler and Stephen (1993) recorded that early 
application of CCC increased the proportions of aspartic acid, histidine and alanine, 
while leucine content was decreased. However, late application had no effect on the 
proportions of histidine, but increased aspartic acid, glutamic acid leucine. 
Jain and Guruprasad (1989) observed an increase in the level of free amino 
acids and in particular phenylaladenine in seedlings of radish treated with CCC. 
Choudhary and Gupta (1996) observed that application of CCC brought about an 
increase in the free amino acid content in Catharanthus roseus L. 
It is reported that free amino acids increased during the pod development stages 
on application of ethrel on groundnut (Arachis hypogea). Ethrel treatments increased 
protein content as well as depletion of amino acids and efficient in corporation of 
amino acids into the protein in wheat (Sekhon and Singh, 1994). 
2.3.5.3 Protein content 
Plant growth regulators have been found to influence significantly the protein 
content in crop plants (Liu et al, 1993; Lurie ei al., 1994; Yang et ai, 1994; Kulkami 
et al, 1995). Growth regulators CCC application increased protein and RNA content of 
leaves in safflower (Carthamus tinctorius L.) (Kar et al., 1989), protein content in 
soybean seeds (Abo-El-Kheir et al., 1994) and protein content of 5. juncea and B. 
napus. 
Treatment with CCC (250ppm) to oat {Avena sativa L.) resuhed in enhancement 
in the crude protein content. Grain protein concentration increased (Morris et al., 1989; 
Van Sanford et a/., 1989) or remain unaffected (Pearson et al., 1989) by ethephon 
treatment. Soluble proteins increased with the application of ethrel during initial stages 
of pod development but declined later in groundnut {Arachis hypogea). 
Ethephon application increased protein content per grain and grain protein 
concentration in barley (Bullman and Smith, 1993). Ethrel treatment has been found to 
increase protein content and efficient incorporation of amino acids into proteins in 
wheat (Sekhon and Singh, 1994). 
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2.3.5.4 Fatty acid 
Plant growth regulator treatments which included chlormequate at an early 
growth stage of linseed (either alone or in combination with ethephon) altered the 
relative proportions of fatty acids, reducing the content of linolenic acid while 
increasing that of oleic acid (Leitch and Kuat, 1999). In linseed also the levels of oleic 
acid were increased while those of linolenic acid were generally decreased by cycocel 
application (Osman and Abu-Lila, 1985). In groundnut total lipids and triglycerides 
were increased by the application of cycocel. CCC treatment has also been found to 
increase flat content of soybean seeds. Carbaryl application increased triglyceride 
content as its concentration increased but the rate of beta oxidation of fatty acids and 
the activities of the glyoxylate cycle enzymes isocitrate lyase and malate synthase 
decreased in Brassica niger (Chakrabarti et ai, 1990). 
Ethrel has also shown a promotive effect on conversion of lipid into sugars 
through glyoxylate cycle under water stress conditions in soybean seeds (Sharma et ai, 
1986). 
2.4 Mineral Nutrition 
Mineral nutrition includes the supply, absorption and utilization of essential 
nutrients for growth and yield of crop plants. No one knows with certainty when human 
first incorporated organic substances, manure or wood ashes as fertilizers in soil to 
stimulate plant growth. However, it is documented in writings as early as 2500 B.C. 
that humans recognized the richness and fertility of alluvial soils in valleys of the Tigris 
and Euphrates rivers (Hewitt, 1963). 
Early progress in the development of understanding of soil fertility and plant 
nutrition concept was slow, although the Greeks and Romans made significant 
contributions in the years 800 to 200 B.C. (Marschner, 1986). It was mainly to the 
credits of Justus Von Liebig (1803-1873) that the scattered information concerning the 
importance of mineral nutrients for plant growth was collected and summarized and the 
mineral nutrition of plants was established as a scientific discipline (Black, 1968). 
Plants contain small amounts of about more than hundred elements but only 17 
elements are known to be essential (Salisbury and Ross, 1994). 
The exclusive requirements of inorganic nutrients in higher plants basically 
distinguishes them from man, animals and number of micro-organisms which 
additionally need organic compounds. Keeping in view the specific nature of the 
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problem of thesis the following pages deal with nutrient nitrogen, its properties and 
effect on oil crops with special emphasis on mustard. 
2.4.1 Nitrogen 
Nitrogen is one of the 17 essential elements required for crop growth in higher 
concentration than any other element. Nitrogen is the most important element for 
higher plants, and plant productivity is to a large extent depends on nitrogen nutrition 
(Brown, 1978; Field and Mooney, 1986; Sage et al., 1987; Evans, 1989; Evans and 
Seeman, 1989). Nitrogen is a key nutrient for protein and carbohydraye synthesis and 
plant growth and development. During germination of seeds hydrolysis products of 
storage proteins provide the nitrogen for initial growth. After the seedlings becomes 
photosynthetic, the roots take up nitrogen from soils, which is assimilated into amino 
acids and proteins in the vegetative tissues. The need for nitrogen increases steadly with 
multiplication and expansion of the developing vegetative organs and culminates 
during the reproductive stage with the synthesis of new seed storage proteins. 
2.4.1.2 Acquisition and assimilation 
Acquisition and assimilation of nitrogen is second in importance only to 
photosynthetic carbon assimilation for plant growth and development (Heichel, 1980). 
Plant acquires nitrogen from two principal sources . 1) the soil through commercial 
fertilizer, manure and/or minerilization of indigenous organic matter and 2) the 
atmosphere through symbiotic N2 fixation (Vance, 1990). 
The availability of nitrogen in the rhizosphere regulates crop growth and 
development by augmenting optimum source and sink development during ontogeny. 
The uptake of N into plant roots is an active process and thus an energy requiring 
process (Oaks and Hirel, 1985) making the roots a barrier to N uptake. The main 
sources of inorganic nitrogen for plant metabolism are nitrate and ammonium from the 
soil solution which act as substrates for reduction and subsequent incorporation into 
organic substances utilized by plant cell (KleinhoflFs and Warner, 1990, Lea e( al., 
1990; Solomonson and Barber, 1990). Since ammonia is rapidly nitrified in soil 
(Schmidt, 1982), nitrate is the dominant form of mineral N available to higher plants 
except under acidic, cold and anaerobic soil conditions. The uptake and transport 
differs for ammonium N and nitrate N, whereas ammonium ions are assimilated in 
roots and transported as amino acids and amides to leaves while nitrate ions are 
transported to leaves largely as nitrate (Amozis and Findenegg, 1986). 
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Since NH4' is toxic, it is rapidly assimilated into non-toxic metabolites (Lea et 
al., 1990). The type and concentration of nitrogen in growth media exert a considerable 
influence on the growth and mineral composition of the crop plants (Kurvitis and 
Kirkby, 1980; Gashaw and Mugwira, 1981; Ansari, 1990; Jeschke et al., 1992). The 
form of N ion supplied to roots also influences the absorption and transport of other 
nutrients including cations K"^ , Ca^ ,^ Mg^^ and Na^ and anions S04^', P04^' and CI" 
(Pilbean and Kirkby, 1992). As nitrate reduction is a process involving high energy 
consumption, the direct utilization of ammonium could bring about a higher plant 
growth. However, more often the reverse is observed (Salsac et al., 1987). Ammonium 
ions on entering the roots of plants are immediately assimilated by the GS-GOGAT 
system to form Gin and glutamate (Amancio and Santos, 1992). 
The assimilation of NO3' by plants requires the uptake of NO3", reduction of 
NO3', the conversion of NO3' to NH4 ,^ and the incorporation of NH4^ to organic 
compounds (Migge and Becker, 1996; Sivasankar and Oaks, 1996). Subsequently 
nitrogenous organic compounds such as amino acids, are utilized through primary 
metabolic pathways for various aspects of the life cycle of plants. 
2.4.1.3 Nitrogen source 
On a global scale terrestrial plants assimilate an estimated 1.4 gigatons of 
nitrogen annually, approximately 90 to 95% of the total is from mineral nitrogen and 
remaining from symbiotic dinitrogen fixation (Paul and Clark, 1988). Since dinitrogen 
fixation by living organisms (except for some symbiotic N2 fixers) is generally quite 
limited (Tisdale and Nelson, 1967), so nitrogen is be added to soils for most cropping 
systems to achieve high yields. The two major nitrogen fertilizers in current use are 
(NH4)2S04 (ammonium sulphate) and (NH2)2CO (urea) with latter becoming more 
common especially in regions of high rainfall and more so on heavy clay soils (Shand, 
1996). 
2.4.1.4 Mineralization 
It is generally assumed that N-fertility of soil in natural agro-ecosystem reaches 
a maximum equilibrium level under specific environmental conditions where organic 
matter inputs equal losses (Tate, 1992). However, the intervention of man in agro-
ecosystems changed this equilibrium through effects of cultivation, which accelerates 
the oxidation of soil organic matter at or near the surface. This results in loss of the 
potentially mineralizable N fraction of organic matter that serves as a reservoir of N 
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available to crops. Mineralization and immobilization processes occur simultaneously 
in wetland soils and depend on soil properties and environmental factors. 
Mineralization of organic N (native or added organic N sources) is the most important 
process in the N nutrition of wetland crops: The mineralization of organic nitrogen 
compounds takes place in essentially three step-by-step reactions: aminization, 
ammonification and nitrification. Aminization involves the break down of proteins in 
neutral and alkaline environments by bacteria, fungi and actinomycetes. One of the 
final stages of decomposition of nitrogenous materials is the hydrolytic decomposition 
of proteins and release of amines and aminoacids. This step is termed as aminization. 
The amines and amino acids so released are further utilized by still other groups of 
hetrotrophs including both aerobic and anaerobic micro-organisms with the release of 
ammonical compounds. This step is termed as ammonification. 
Nitrification is generally referred to as biological oxidation of ammonium to 
nitrate Nitrosomorms and Nitrohacter species of nitrification bacteria (Sahrawart, 1989; 
1996). The nitrification process is generally controlled by ammonium availability 
(Guenzi el ai, 1978; Robertson, 1982), soil pH and temperature (Francis, 1982; 
Gilmour, 1984). The use of nitrification inhibitors do not arrest the process completely. 
This results in a preponderance of ammonium over nitrate in the soil, which affects the 
persistence of applied N in the soil as well as plant N metabolism and N nutrition 
(Sahrawat, 1996). Nitrification inhibitors also affect nitrogen transformation other than 
nitrification in soils, such as ammonium fixation and release nitrous oxide production 
and ammonia volatilization. This affects N persistence in soil and its subsequent 
availability to plants (Sahrawat, 1996). 
2.4.1.5 Nitrogen immobilization 
Immobilization of nitrogen is the reverse of mineralization and occurs when 
large quantities of low-nitrogen crop residues such as cereal crop straw begin 
decomposing in soil. The high amount of carbohydrate in such residues causes the 
population of soil microflora to build up quickly. As new cells are formed, nitrogen and 
other essential elements are used to build up protoplasm. Almost invariably this leads to 
a decrease in the levels of inorganic nitrogen for crops. 
2.4.1.6 Reasons for nitrogen deficiency 
The utilization efficiency of soil applied N rarely exceeds 50% in most 
cuhivated crops (Greenwood, 1982). The remainder is possibly immobilized in soil 
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organic matter or is lost posing potentially undesirable economic and environmental 
consequences. Leaching, surface runoff, ammonia (NH3) volatilization and 
denitrification comprise the major pathways for N loss. The actual relevance of these 
depends on the climatic and soil conditions (Vlek and Byrnes, 1986): a) Nitrogen 
leaching takes place mainly from nitrate but also from urea molecules. As nitrate is not 
absorbed to the soil complex, it tends to move downward at the same rate as water. The 
amount of nitrate leaching depends on rainfall rate and soil conditions (especially 
texture and organic matter content). Except in a few situations the loss of N through 
leaching is non significant. In general the risk of subsurface transport of N is directly 
proportional to the amount of N applied as fertilizer. Exceptions occur, resulting in 
greater N leaching losses than were observed at higher N fertilization rates (Campbell 
et al., 1993). The nitrogen losses caused by leaching due to excess of rainfall can be 
very high. The measured losses upto 90kg/ha/year and is certainly one of the 
explanations for the low nitrogen use efficiency in cereal crops in Mediterranean 
regions. Reducing the risk of leaching losses would increase nitrogen use efficiency 
and reduce nitrogen fertilization (Carvalho and Basch, 1996). 
2.4.1.7 Denitrirication loss 
Denitrification is a process by which nitrogenous oxides principally NO3' and 
NO2' are reduced to dinitrogen gases N2 and N2O. The process is generally considered 
to be carried out by facilitating anaerobic organisms that normally use oxygen (O2) for 
respiration but in its absence use N-oxides as electron acceptors (Groffman, 1995). 
There is evidence that some organisms can simultaneously respire O2 and NO3' in what 
has been termed as "anaerobic denitrification" (Lloyd, 1993). 
Denitrifiers made upto 1 to 5% of the cultivable soil microbial population 
(Tiedje, 1988). Nitrification in oxidized soil zones and flood water converts ammonical 
N formed by ammonification and hydrolysis of urea into NO3-N. Thus NO3-N can 
thereafter move to reduce soil zone where it is readily denitrified to dinitrogen and 
nitrous oxide. 2.4.1.8 Gaseous loss of nitrogen 
The increase in use of N fertilizer worldwide coupled with a trend towards more 
extensive use of anhydrous ammonia and urea has increased the potential for NH3 loss 
from fertilizers Urea has become most used N fertilizer in the world, accounting for 
approximately 40% of the total synthesized N supply. Its market share is increasing 
because it is the least expensive form of solid N fertilizer available and its high nutrient 
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content (46%) and offers transportation advantages over other sources (Byrnes and 
Freney, 1995) Although urea has cost advantage over other products, it also has an 
important disadvantage in that the considerable losses of N can occur if the urea is not 
incorporated into the soil soon after application. The loss occurs through ammonia 
volatilization after the urea is hydrolyzed at the soil surface by reaction with the 
enzyme urease. Gaseous loss of urea fertilizer N as NH3 is of particular concern 
because it can exceed 50% of the N applied (Terman, 1979). Soil factors which affect 
volatilization include cation exchange capacity, soil pH and moisture. Reducing NH3 
loss, has been found to be associated with a high cation exchange capacity i.e. there 
exists a negative correlation between CEC and NH3 loss (Fullerton, 1990). Ammonia 
losses increase with higher soil pH because of increased dissociation of NH4 to NH3, 
thus increasing the potential for volatilization (Chai and Hou, 1975; Sharpe and Harper, 
1995). Environmental factors which effect NH3 volatilization include air temperature, 
wind speed, rainfall and atmospheric NH3 concentration (Denmead etal., 1982). 
2.4.1,9 Control of mineral fertilizer N loss in soil 
Nitrogen losses can be controlled either agrotechnically or chemically. The goal 
is to conserve mineral fertilizer N for a time and in a form, which is not sensitive to 
leaching or volatilization. The optimal nitrogen content of a plant species is defined by 
Greenwood (1982) as that amount of nitrogen that is just sufficient to maintain 
maximum growth rate any amount more than optimum nitrogen does not increase the 
growth rate. Deep placement of urea-based fertilizer can minimize volatilization and 
immobilization losses by reducing fertilizer contact with dead and decaying plant 
residue, when compared with surface broadcast application, band placement has been 
shown to increase fertilizer N-use efficiency by as much as 20%. 
2.4.2 Consequences of nitrogen deficiency 
Nitrogen is considered one of the major limiting nutrient in plant growth and 
development. The deficiency of essential minerals result in a significant change in the 
development of various organs and the plant as a whole (Sundqvist et al., 1980; Mishra 
et al., 1985, Dodd, 2001). Nitrogen efficiency not only affects cell number but also size 
in plant species e.g. in sunflower: Trapani et al. (1999); Festuea anindinacea. 
MacAdam et al. (1989). Nitrogen stress affects leaf size through both cell production 
and cell expansion. Nitrogen deficits ahers source-sink relations, strengthen root 
growth compared with leaf growth and reduces growth of whole plant and dry matter 
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accumulation, N-metabolism and photosynthesis are unpaired, plant nitrate content and 
all free amino acids and proteins decrease under N deficit in mustard (Andreeva et al., 
1992). Nitrogen deficiency reduces plant height, leaf area, leaf number, dry matter, 
harvest index and also yield by reducing the number of seeds per plant and by 
decreasing single seed weight in sunflower (Hocking et al., 1987; Kuchenbuch et al., 
1988). Similar results of N-deficiency on the vegetative development and yield 
component of sunflower have also been reported (Steer et al. 1986). Chweya (1990) 
reported that nitrogen deficiency leads to poor vegetative growth and therefore lead to 
accumulation of glucosinolates in the leaves of Kale plant. In general limited N supply 
results in plant with reduced shoot/root dry weight ratio (Kerr et al., 1986). 
The plants with no nitrogen applied usually are pale and yellow in colour, which 
would signal to a grower to apply more N (Paparozzi et al., 1994). Nitrogen used in 
chlorophyll synthesis aids in visual diagnosis of N deficiency by influencing the plant 
colour, as total chlorophyll reduces in low nitrogen supply (Longstreth and Nobel, 
1980). On a decrease in nitrogen supply, the rate of photosynthesis per unit leaf area 
decreases, whereas the photosynthetic nitrogen use efficiency increases (Van der Werf 
et al., 1993). Uhart and Andrede (1995a, b) reported that nitrogen deficiency reduced 
leaf area duration, LAI, aerial dry matter, CGR; intercepted PAR and WUE were 
significantly reduced by N deficiency in com {Zea mays L.). 
Results of similar nature on N deficiency were observed by number of 
researchers including Novoa and Loomis, 1981; Lencoff and Loomis, 1986; Mai et al., 
1987; Sinclair and Horie, 1989; Connor e/a/., 1993; Dodd, 2001. 
2.5 Crop Response to Nitrogen 
There is a great pressure to achieve breakthrough in human nutrition by 
introducing new foods into diets by developing new cultivars of staple crops that have 
high protein contents and at the same time produce high yields. The probability of 
accomplishing either goal on sustained basis is still eluding. But strategic use of 
fertilizers and manures may change scenario by assuring sustainability. 
2.5.1 Growth parameters 
2,5.1.1 Plant height 
Nitrogen promotes growth of stem by way of better cell division and their 
elongation (Awasti and Surajbhan, 1994; Pradhan et al., 1994). Each successive 
increase in N level from 0 to 80Kg/ha significantly increased the growth characters in 
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Indian mustard (Sharmae/a/., 1994). Application of nitrogen showed significant 
positive effect on mean plant height of B. napus cv. Canola and B. campestris L. cv. 
Rapeseed (Al-Jaloud et al., 1996). At both vegetative and reproductive stages, N doses 
showed a linear increase in plant height in fennel {Foenieulum vulgare Mill), with 
90Kg N/ha giving maximum height increase at both stages (Afridi et al, 1983). 
Nitrogen enhances vegetative growth of plant, has also been reported by Chweya 
(1990) and Paparozzi et al. (1994). 
The height of Brassica Juncea increased significantly with increasing N fi-om 0 
to 90Kg/ha at every growth stage (Tomar et al., 1996). Khanpara et al. (1993) have also 
reported similar results. 
2.5.1.2 Leaf number 
Nitrogen supply can be very limiting to productivity mainly through its effects 
on number and size of leaves and roots and on the photosynthetic rate of single leaf 
Increase in N levels in rainfed cotton significantly increased the number of leaves 
(Perumal, 1999). Application of nitrogen (30Kg/ha) in combination with potassium 
(60Kg/ha) increased number of leaves of mustard (Brassica juncea) (Prasad and 
Shukla, 1993), 
2.5.1.3 Leaf area 
The essential role of nitrogen on leaf growth has long been recognized. N 
fertilization increased leaf area and plant biomass (Pregtizer et al., 1990; Ericsson et 
al, 1992; Liu and Dickman, 1992a; Heliman and Fu-Guang, 1993, 1994; Perumal, 
1999). Leaf area can be viewed as the resuh of the rate and duration of leaf expansion. 
Leaf expansion rate is very responsive to nitrogen supply both under controlled and 
field conditions (Steer et al, 1986; Connor et al, 1993; Dodd, 2001). Leaf growth is 
particularly responsive to large amounts of N in Brassica crops. Nitrogen fertilizer 
application increased per unit leaf area of oilseed rape {Brassica napus L.) (Asare and 
Scarisbrick, 1995). Increased allocation of dry matter to shoot was reflected in 
increased rates of leaf expansion and elongation in N-plants (Huber et al, 1989). Leaf 
area expansion was maximum in wheat cultivar Oligoculum when nitrogen was applied 
(Modhulety and Prakash, 1988). Certainly it is clear that if N supply rate to the crop for 
new leaf growth is restricted, the amount of leaf area produced is proportionally 
restricted (Nova and Loomis, 1981; Lemcoff and Loomis, 1986; Prasad and Shukla, 
1993). 
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2.5.1.4 Leaf area index 
Increasing levels of N increased the LAI progressively. High LAI indicates high 
mobilizable protein at beginning of reproductive stage, which helps the crop to put 
forth higher production (Sarkar et a/., 1999). 
Nitrogen application to Brassica juncea significantly increased LAI and was 
considerably higher at all stages at lOOKg N/ha than 50Kg N/ha (Grewal and Kolar, 
1990). Khan and Agarwal (1988) reported that leaf area index increased with increasing 
N rates in the range of 0-80Kg/ha but did not show further enhancement with 120Kg 
N/ha in mustard {Brassica juncea). Leaf area index increased with increase in nitrogen 
level, however, there was no significant increase after 40Kg N/ha in groundnut (Patra et 
ai, 1995). 
Perumal (1999) also reported that leaf area index increased significantly with 
increasing N levels in rainfed grown cotton. Pradhan et al. (1994) and Dey et al. (1989) 
also reported similar results for leaf area index in response to nitrogen. 
2.5. L5 Dry mass 
Dry matter in general increased significantly with N doses applied (Cajuste et 
al, 1996; Polly et al, 1999). Nitrogen appHcation increased biomass production 
favourably from an early stage and was significantly higher with 80Kg N/ha at 
advanced stages of growth due to vigorous vegetative growth in sunflower {Helianthus 
annus L.) (Sarkar et al., 1999). Dry matter production in groundnut increased at all 
growth stages with increase in nitrogen level, however beyond 40Kg/ha, no significant 
increase took place (Patra et al., 1995). Sawan et al. (1998) reported that seedling fi^esh 
and dry weights increased with N-rate (161Kg N/ha) in cotton plants. Increase in N-
rates increased by matter production under water scarce condition (Vyas et al., 1995). 
Dry matter production has also been reported to increase with the application of 
nitrogen (Dubey and Khan, 1993; Shooma, 1994). 
Khan and Agarwal (1988) reported that dry matter accumulation/plant increased 
with increasing N-rates in the range of 0-80Kg/ha in mustard. However, it did not 
further increase with 120Kg N/ha. Application of 60Kg N/ha significantly increased 
dry matter in Indian rape {Brassica compestris L.) genotypes (Satyavan et al., 1999). 
Nitrogen produced linear increase in fi-esh weight and dry weight of fennel 
{Foeniculum vulgare Mill). Nitrogen at the rate of 90kg/ha produced maximum fi-esh 
weight and dry weight at vegetative as well as reproductive stages (Afiidi et al, 1983). 
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N-fertilized plants of linseed {Limm ustatissimum L.) produced appreciably more dry 
matter through out the growing season than unfertilized plants (Singh and Mishra, 
1994). Raghuwanshi et al. (1987), Singh and Saran (1987) reported similar results in 
linseed and mustard respectively. 
Dry matter of maize (Mishra and Srivastava, 1985; Huber et al., 1989), wheat 
(Mudhulety and Prakash, 1988), oilseed rape {Brassica napus L.) (Asare and 
Scarisbrick, 1995; McGrath and Zhao, 1996), poinsettia (Euphorbia pitlcheinma 
Willd.) (Paparozzi et al, 1994), B. juncea (SamiuUah et al., 1990; Khanpara et al., 
1993; Tomar et al., 1996), castor (Bheemaiah et al., 1998) significantly increased with 
increase in the rate of N application. Nitrogen application except at 90Kg/ha under 
rainfed situation progressively and significantly increased the dry matter production of 
the rainfed as well as irrigated sesame (Sesamum indicum L.) (Vyas et al., 1999). 
2.5.1.6 Crop growth rate (CGR), relative growth rate (RGR) and 
net assimilation rate (NAR) 
Nitrogen application increased crop growth rate of caster (Bheemaiah et al., 
1998). Pradhan et al. (1994) also reported increased CGR by N application. Increasing 
levels of nitrogen ft-om 0 to 60Kg/ha increased the crop growth rate of barley genotypes 
under moisture scarce conditions (Awasthi and Surajbhan, 1994). Post flowering 
application of urea solution significantly and positively influenced CGR of groundnut 
(Reddy et al., 1991). Patra et al. (1995) also reported that CGR increased with increase 
in nitrogen level, however, there was no significant increase afi;er 40Kg N/ha in 
groundnut. The crop fertilized with 80Kg N/ha showed higher CGR over 40Kg N/ha 
due to potent rate of N in metabolic activities and on vegetative growth of Helianthus 
annus plants (Sarkar et al, 1999). Khan and Agarwal (1988) also reported that crop 
growth rate increased with increase in N rates in mustard {Brassica juncea) but did not 
increase further with 120Kg N/ha. 
Nitrogen application showed progressively higher RGR than each respective 
level of N upto 45-60 days but at later stages the increase was inconsistence and even 
decreased in certain cases with increase in N level in sunflower {Helianthus anus L.) 
(Sarkar <?/Of/, 1999). 
Glimsker and Ericsson (1999) reported NAR was positively correlated v/ith 
RGR of species and the plant nitrogen content was also significantly and positively 
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correlated with RGR. Increasing level of N upto 80Kg/ha increased NAR mainly due to 
increase in CGR and RGR in sunflower (Sarkar et al, 1999). 
2.5.2 Photosynthetic parameters 
2.5.2.1 Chlorophyll 
The role of nitrogen in the build up of chlorophyll molecules has long been 
recognized (Evans and Terrshima, 1988; Sage et al, 1990; Liu and Dickman, 1992). 
Chlorophyll content of fresh leaves, a measure of photosynthetic activity increased with 
N application in Brassica juncea (Grewal and Kolar, 1990). An increase in N rate 
increased levels of total chlorophyll in Indian mustard grown under different levels of 
moisture (Vyas et al., 1995). Leaf chlorophyll content in mustard {Brassica juncea) 
increased upto 90Kg N/ha and was highest with three irrigations (Chouhan et al, 
1994). Grewal et al (1993) reported that the chlorophyll content in fresh leaves of 
Brassica napus L., increased with an increase in N upto lOOKg/ha. 
2.5.2.2 Photosynthesis 
Nitrogen has a profound role in metabolic processes resulting in increasing 
production of photosynthates. Nitrogen supply affects plant growth and productivity by 
altering both leaf area and photosynthetic capacity (Bolton and Brown, 1980; Novoa 
and Loomis, 1981, Wong etal, 1985; Sinclair, 1990). 
Photosynthesis in the leaves of soybean increased with nitrate supply (Rigaud, 
1981; Chi et al, 1983). The increase in the rate of photosynthesis amounted to 43% 
higher than that of untreated plant (Varade et al, 1995). CO2 assimilation is generally 
higher at higher N concentrations (Sage et al, 1987; Evans, 1989), as the nitrogen 
invested in the enzymes of the photosynthetic carbon reduction cycle and in the 
thylakoid proteins constitute the majority of leaf nitrogen (Evans and Seeman, 1989). 
Leaves with a high nitrogen content utilize high photon flux densities more effectively 
for photosynthesis than those with a low nitrogen content (Field, 1983; Dejong and 
Doyle, 1985). With the increase in N supply there was increase in photosynthesis due to 
increased leaf size in groundnut (Patra et al, 1995). Increasing N from 0 to 50 and from 
50 to lOOKg/ha helped the crop canopy of Brassica juncea to trap more radiation for 
photosynthesis (Grewal and Kolar, 1990). Grewal et al (1993) also reported that 
interception of PAR by the crop canopy of Brassica napus improved significantly with 
increase in N rates from 0 to lOOKg/ha. 
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2.5.3 Nutrient Uptake 
The type and concentration of nitrogen in growth media extent a considerable 
influence not only on the growth and mineral composition of the crop plants (Kurvitis 
and Kirkby, 1980; Gashew and Mugwira, 1981; Ansari, 1990; Jeschke et al., 1992) but 
also affects the relative uptake of cations and anions (Kirkby, 1981;Lovatt, 1986). 
Increasing levels of nitrogen increased the uptake of N regularly irrespective of growth 
stage while sulphur uptake increased with increasing levels of nitrogen at pre-flowering 
stage but upto 40kg N/ha at post flowering stage in linseed (Linum usitatissimum L.) 
(Singh and Mishra, 1994). 
Reddy and Reddy (1986) have also reported similar results. The concentration 
of some nutrients like phosphorus, potassium and calcium in certain organs of the 
oilseed rape plant is influenced by the nitrogen nutrition, e.g. leaf P concentration in 
oilseed rape was not influenced by N supply but P concentrations in the root, stem and 
axillary branches increased in response to higher N nutrition (Kullmann et al, 1989). 
Similar observations were reported by Comtortill and Steele (1981) and Amoruwa et 
al. (1987) in field grown maize. 
Applied N affected amount of leaf N content such that less N was present in 
leaves if no N was applied in poinsettia {Euphorbia pulcherimma Willd) (Paparozzi et 
al., 1994). The content of organic nitrogen in leaves of maize seedlings increased with 
increase in the supply of inorganic nitrogen in the nutrient medium (Mishra and 
Srivastava, 1985). Muchow and Sinclair (1994) also reported that canopy leaf N 
increased in response to increased N fertilizer treatments in maize {Zea mays L) . 
Nitrogen application increased its uptake and the effect was more pronounced 
under irrigated conditions in sesame (Vyas et al., 1999). Pinkerton (1991) observed that 
critical P concentration depended on plant age and N supply in oilseed rape and Indian 
mustard. Bullman and Smith (1993) found that higher rates of nitrogen fertilizer 
increased the plant N concentration and total plant N accumulation in spring barley. 
Similar results were observed by Awasthi and Surajbhan (1994) in barley. N and P 
uptake increased with increase in N rate in Indian mustard (Vyas et al., 1995). N, P and 
K uptake increased with N rate in mustard varieties {Brassica juncea L. Czem and 
Coss.) (Tripathi et al., 1992). Compared with unfertilized control uptake of N, P, K, Ca 
and Mg increased with increase in NP fertilizer rate in mustard. Application of 60Kg 
N/ha significantly increased N uptake by seed, whereas uptake of N by stalk as well as 
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total increased linearly upto 90Kg/ha of N applied to Indian rape (5. compestris L.) 
genotypes (Satyavan et al., 1999). Increase in the rates of N uptake with increased 
nitrogen application in rapeseed mustard has also been observed by Dubey and Khan 
(1993), Patil and Bhargava (1987), Kumar et al. (1989). 
2.5.4 Yield parameters 
2.5.4.1 Pod number 
Nitrogen application increased mean number of pods per plant in oilseed rape 
{Brassica napus L.) under drought conditions (Asare and Scarisbrick, 1995). The 
number of pods per plant in Indian mustard increased by nitrogen application 
significantly upto 80Kg N/ha under rainfed conditions (Thakuria and Gogoi, 1996). 
Increase in the number of siliquae per plant with increasing levels of N upto 60Kg/ha in 
Indian mustard {Brassica juncea) has also been reported by Khanpara et al. (1993), 
Reddy and Sinha (1988), Rathore and Manohar (1989), while Tomar et al. (1996) and 
Dubey et al. (1993) reported the increase upto 90kg/ha. Grewal and Kolar (1990) 
observed that the number of pods per plant in Brassica juncea increased significantly 
with increase in N fi-om 0 to 1 OOKg/ha. Post flowering application of urea solution 
significantly and positively influenced the pods/plant of groundnut (Patra et al., 1995). 
2.5.4.2 Seed number 
Seeds per siliqua in Brassica juncea significantly increased due to each 
increment in level of N from 0 to 90Kg/ha (Tomar et al., 1990), while Khanpara et al. 
(1993) reported the increase in seeds per siliquae with increasing levels of N upto 
60Kg/ha in Indian mustard. 
Increase in seeds per siliquae with increase in application of N fertilizers has 
also been reported in Brassica juncea by Reddy and Sinha (1988), Rathore and 
Manohar (1989), Dubey et al. (1993). 
The number of seeds per pod of Brassica juncea increased significantly with the 
increase in N from 0 to 1 OOKg/ha (Grewal and Kolar, 1990). Thakuria and Gogoi 
(1996) reported that nitrogen application increased seeds/siliquae upto 80Kg N/ha 
under rainfed conditions in Indian mustard. 
2.5.4.3 1000 seed weight 
Seed weight of combined seed samples of Brassica napus was increased by 
nitrogen (Asare and Scarisbrick, 1995). 1000-seed weight in mustard (Brassica juncea) 
increased with increasing levels of applied N upto 60Kg/ha (Khanpara et al., 1993). 
34 
Similar results were also recorded by Reddy and Sinha (1988), Rathore and Manohar 
(1989). Patra et al. (1995) reported that 1000-kemel weight was significantly and 
positively increased by post flowering application of urea solution to groundnut. 
Tomar et al. (1996) reported that 1000-seed weight was significantly increased 
due to each increment due to level of N fi-om 0 to 90 kg/ha in Brassica juncea. Seed 
weight in B. juncea increased significantly with increase in N level fi"om 0 to 50 kg/ha 
but decreased with the further increase of N fi-om 50 to 100 kg/ha (Grewal and Kolar, 
1990). Thakuria and Gogoi (1996) also reported significant increase in 1000-seed 
weight in Indian mustard under rainfed conditions. Increase in 1000-seed weight in 
Indian mustard under rainfed conditions with increase in nitrogen upto 60 kg N/ha has 
been also reported by Singh and Kumar (1996). Weight per seed was not affected by N 
treatment applied through soil or through the peduncle in barley (Foroutan-pour et al., 
1997). 
2.5.4.4 Seed yield 
In most agricultural soils, cereal grain yield has been increased with increasing 
nitrogen fertilizer application (Steeker et al, 1993). Reddy (1983) noted that higher 
fertilizer rate increased seed yield of linseed. Application of 80 kg N/ha gave 
significantly higher seed yield in sunflower over no nitrogen application (Sarkar et al, 
1999). Increase in the seed yield of sunflower has been also reported by Zaman and 
Choudhury (1998), and of mustard by Tomar et al (1992). Yield increased upto 60 kg 
N/ha in rice (Rahman, 1985; Dey et al, 1989b) while Awasthi and Surajbhan (1994) 
reported that at 60 kg N/ha, growth and yield attributes were maximum over other 
levels of nitrogen in barley. Increase in the seed yield of cotton due to applied nitrogen 
has been reported by Sawan et al. (1998) and Perumal (1999). Nitrogen had little effect 
on grain yield of triticale below 90 kg N/ha, but increased at higher levels, although 
yield declined at highest nitrogen level i.e. 180 kg N/ha (Naylor and Stephen, 1993). 
Increase in the seed yield of Brassica juncea with the increase in applied 
nitrogen has been reported by Reddy and Sinha (1988), Rathore and Manohar (1989), 
Grewal and Kolar (1990), Chaudhary et al. (1992), Prasad and Shukla (1992), 
Khanpara et al. (1993), Sharma (1992), Ghosh et al (1995), Singh and Kumar (1996), 
Thakuria and Gogoi (1996), while the same effect on Brassica napus has been reported 
by Gendy and Marquard (1989), Grewal et al (1993) and Asare and Scarisbrick (1995). 
Application of nitrogen showed significant positive effect on seed yield ofB. napus cv. 
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Canola and B. compeslris L. cv. Rapeseed under irrigated conditions. Bheemaiah et al. 
(1998) also reported increase in seed yield of castor with increased nitrogen 
application. 
2.5.4.5 Harvest index 
Application of 40Kg N/ha significantly increased harvest index in rainfed 
mustard but was reduced at 60Kg N/ha (Ghosh et al, 1995). Increasing N and S 
application resulted in enhanced harvest index due to increase precipitation. Dey et al. 
(1989b) also reported that harvest index increased upto 60Kg N/ha in rice {Oryza 
sativa). 
2.5.4.6 Oil yield 
A linear increase in oil yield was observed with increasing N application from 0 
to 100 kg N/ha (Arthamwar et al, 1996). Foliar spray of urea (2%) increased oil yield 
over control in groundnut {Arachis hypogea L.) (Patra et al, 1995). Similar results 
were reported by Reddy et al (1991). Application of 40 kg N/ha increased seed yield 
significantly but was reduced at 60 kg N/ha in rainfed rapeseed (Ghosh et al, 1995). 
With the application of nitrogen oil yield increased in different Brassica genotypes 
(Kumar et al, 1995). Singh et al (1994) reported that oil yield of Brassica species 
increased upto 80 kg N/ha. Rama et a/. (1991) reported that oil yield in Brassica juncea 
increased with nitrogen. Increase in N rates in the range of 90-180 kg/ha increased oil 
yields compared with lower N rates or no N in mustard (Rathore and Manohar, 1989). 
2.5.5 Quality parameters 
2.5.5.1 Oil content 
Smith et al (1988) described an inverse linear response between oil content and 
seed N concentration in Brassica napus. Nitrogen application affected inversely the 
seed oil content of oil seed rape {B. napus L.) (Gendy and Marquard, 1989; Pinkerton, 
1991; Asare and Scarisbrick, 1995). However, Grewal et al (1993) reported that oil 
content of seeds in B. napus significantly increased with the application of 50 kg N/ha 
over no nitrogen application. However, increasing the dose of N fi^om 50 to 100 kg/ha 
resulted in decline in the oil content of seeds. Oil content of rainfed mustard increased 
significantly upto 40 kg N/ha and there was reduction in oil content at 60 kg N/ha 
(Ghosh et al, 1995). Oil percentage of Brassica juncea seeds increased significantly 
with the application of 50 kg N/ha but application of 100 kg N/ha resulted in significant 
decline (Grewal and Kolar, 1990). Increase in the oil content with N application has 
36 
also been reported by Ghatak et al. (1992), Arora et al. (1994), Chouhan et al. (1994) 
and Patra et al. (1995). Application of nitrogen showed significant positive effect on 
mean oil content of Brassica nap\is L. cv. Canola and B. campestris L. cv. Rapeseed 
under irrigated conditions (Al-Jaloud et al., 1996). However, Satyavan et al. (1999) 
reported that N application at all rates decreased oil content of Indian rape (Brassica 
compestris L.) genotypes when compared with control. The adverse effect of nitrogen 
on oil content in different Brassica genotypes has been reported by Patil and Bhargava 
(1987), Rama el al. (1991), Tripathi and Singh (1992), Dubey and Khan (1993), Shukla 
and Kumar (1994), Singh et al. (1994), Kumar et al. (1994), Tomar et al. (1997). While 
Rathore and Manohar (1989), Saran and Giri (1990) reported that seed oil content in 
Brassica juncea was unaffected by the applied nitrogen rate. 
2.5.5.2 Amino acid content 
Patra et al. (1995) reported that amino acid content in groundnut increased with 
increase in N supply. As nitrogen application to triticale increased over the range of 0-
80 kg/ha, there was a significant decrease in the proportions of alanine and glycine. 
Other amino acids generally showed a curvilinear response to proportion of nitrogen in 
the grain protein (Naylor and Stephen, 1993). 
An increase in amino acids with a simultaneous decrease in carbohydrate 
synthesis has been reported when ammonium (Piatt et al., 1977) or nitrate (Van Quy et 
al., 1991; Champigny et al., 1992) was supplied. Vyas et al. (1995) reported that as N 
rate increased, the free amino acids increased in Indian mustard despite low water 
potential. 
2.5.5.3 Protein content 
Under rainfed conditions grain protein concentration increased as soil nitrogen 
fertility increased in barley (BuUman and Smith, 1993). Increasing the amount of 
nitrogen applied usually caused an increase in the deposition of storage proteins (which 
have higher contents of glutamic acid and proline) and thereby reducing the proportion 
of proteins typical of the embryo and alevrore layer (e.g. aspartic acid, arginine and 
lysine) in triticale (Naylor and Stephen, 1993). Patra et al. (1995) reported that with the 
increase in N supply, the quantity of soluble proteins increased in groundnut. Protein 
content of leaves in maize seedlings increased with the increase in the supply of 
inorganic nitrogen in the nutrient medium (Mishra and Srivastava, 1985). Nitrogen 
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levels significantly affected the protein content with each increase in the dose of N upto 
90 kg/ha in Indian mustard (Brassicajuncea). 
As the N supply increased the formation of protein also increased (Dubey et al., 
1994). It has been shown that asparagine content both in absolute and relative terms 
increased with the increasing nitrogen supply in white clover plants while relative 
content of both proline and serine decreased with increasing nitrogen supply. 
Asare and Scarisbrick (1995) also reported increased relationship between 
applied nitrogen and seed protein of Brassica napus L. seeds. However, Gendy and 
Marquard (1989) reported that protein contents of Brassica napus L. seeds increased 
with the increase in nitrogen supply. Application of nitrogen showed significant 
positive effect on mean protein content of Brassica napus L. cv. Canola and Brassica 
campestris L. cv. Rapeseed under irrigated conditions (Al-Jaloud etal., 1996). Increase 
in the protein content in the rapeseed mustard with increasing rate of nitrogen applied 
has also been reported by Patil and Bhargava (1987) and Satyavan et al. (1999). 
2.5.5.4 Fatty acid and glucosinolate 
Seed glucosinolate content responded variably to use of N fertilizer application. 
It increased significantly with N application in some cultivars but not in other cultivars 
of Brassica napus L. (Asare and Scarisbrick, 1995). As N fertilizer stimulated sulphur 
uptake (Singh and Mishra, 1994) it seems likely that this accounted for the increased S 
content of the seed resulting in higher glucosinolate content (Asare and Scarisbrick, 
1995). In contrast Ramans (1989) reported no significant effect of nitrogen fertilizer 
application on glucosinolate content in Brassica napus. The alkyl-iso-thiocyanate 
content increased in the oil of Indian mustard {Brassicajuncea L. Czem and Coss) with 
higher N rates (Narang ei al, 1985). Seed alkyl-iso-thiocyanate content was increased 
by N and S application in mustard (Arora et al., 1994). Thakral et al. (1996) reported 
that glucosinolate contents of Brassica carinata and Brassica napus increased with 
increase in N+P fertilizers. While Singh et al. (1994) reported that the sinigrin 
glucosinolate content of Brassica species increased upto 120 kg N/ha. 
Fatty acid composition in seeds of Brassica species was affected significantly 
with increase in levels of fertility (Thakral et al, 1995). Alkyl-isothiocyanate and fatty 
acid contents were increased by applied N (0-90 kg N^a) in Brassica juncea. 
Application of nitrogen increased the erucic acid content but decreased Iino|p1c and 
linolenic acid contents in Brassicajuncea. Application of N, P and K on whjte muktard 
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increased percentage of oleic and eiosenoic acids but decreased linolenic acid 
percentage in the oil, the percentage of palmitic, stearic, linolenic and erucic acids 
changed with different nutrients and their levels. Total saturated acids increased with N 
and lower level of K but were not aflFected by P. Contrarily Gendy and Marquard 
(1989) reported that the pattern of fatty acids in the oil of Brassica mpus L. was not 
influenced by the nitrogen level. 
The iodine value of Brassica species oil increased upto 20 kg N/ha (Singh et al., 
1994). Arora el al. (1994) also reported that iodine value of mustard oil was increased 
by N application. Iodine value ofB. carinata and B. napus oil increased with increae in 
N+P fertilizers (Thakral et al., 1996). Application of nitrogen at the rate of 0-90 kg/ha 
increased iodine value of Brassica juncea oil. Narang et al. (1985) also reported that 
iodine number of Brassica juncea oil increased with higher N rates. 
2.6 Role of Water in Plant Growth and Development 
Water plays an important role in physiological processes of plants and its 
inadequancy results in depressed agricultural productivity around the world (Ludlow 
and Muchow, 1990; Nilsen and Orcutt, 1996; Singh et ai, 1996). Different species and 
genotypes however, do vary in their capacity to tolerate water stress. 
Oilseed Brassica (rapeseed and mustard) are generally grown on conserved soil 
moisture from monsoon rain which gets progressively depleted with the advancement 
of growing season. Decline in relative water content as a result of water stress brings 
about changes in morphological as well as physiological plant characteristics (Kumari 
and Bharti, 1988; Nilsen and Orcutt, 1996; Saxena et al, 1996). A decrease in the rate 
of photosynthesis in leaves due to water stress has been attributed to both stomatal and 
non-stomatal limitations (Gram and Boyer, 1990; Laver and Boyer, 1992). 
Photo synthetic rate is decreased by water stress, which is associated with a reduction in 
protoplast and/or chloroplast volume (Santakumari and Berkowdtz, 1990). Under low 
plant water status leaf chlorophyll content and stomatal conductance decreases causing 
reduction in photo synthetic rate. The net rate of CO2 assimilation decreased as water 
stress developed in wheat (T. aestivum) (Lu and Zhang, 1999). Decrease in 
photosynthetic capacity during water stress in Brassica juncea could be ascribed to 
restricted CO2 availability as a consequence of increased stomatal resistance to gas 
exchange (Sawhney et al., 1996). Such a relationship between transportation and 
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photosynthesis has been noted by earlier workers as well (Irigoyen et al., 1992; Martin 
and Ruiztores, 1992; Venketashwarlu and Balasubramanian, 1993). 
The leaf area index, crop cycle length and phenology determines the total dry 
matter production, yield and yield components under drier environments (Silim and 
Saxena, 1993). Shoot was more sensitive to water stress than root growth in Brassica 
juncea (Pannu et al., 1992; Sharma et al., 1994). The area of the leaves developed to 
lesser extent when plants are exposed to water stress (Lu and Neumann, 1998; 
Pankovic et al., 1999). Kumar and Elston (1993) reported that leaf area was reduced in 
both species of rape and Indian mustard under water stress. Similar results were 
reported by Burke et al. (1985), Kumar et al. (1994), Saradevi et al. (1996). Leaf 
growth inhibition by water stress is undesirable during early establishment since the 
rapid development of maximal leaf area by vigorous seedlings leads to yield benefits 
(Ludlow and Muchow, 1990; Lopez-Castander et al, 1995; 1996; Richards, 1996; 
Turner, 1997). Lu and Neumann (1998) also reported significant inhibition of leaf 
growth by low water potential in cereal crops. 
Water stress affects the process of cell expansion via physical and metabolic 
changes (Taiz, 1984; Nonami et al., 1997). Reduced rates of new cell production may 
make additional contributions to the inhibition of growth (Silk, 1992; Durand et al, 
1995; Lecoeur et al, 1995). Water stress decreased NAR, CGR, LAI, relative water 
content, xylem pressure potential, seed yield and harvest index in mustard (Sharma, 
1992). 
The accumulation of soluble carbohydrates has been reported both in the case of 
osmotically induced water deficit on leaf discs (Quick et al, 1992) and in that of water 
stress experienced by plant as soil drains out (Zrenner and Stitt, 1991; Quick et al, 
1992). An increased level of soluble carbohydrates under water deficit has also been 
detected in leaves of sunflower plants grown under field conditions (Fredeem et al, 
1991). 
Aminoacid accumulation has shown to occur in a variety of monocots and 
dicots. One of the best characterized osmoregulatory responses is the accumulation of 
proline. Water stress enhanced the proline content in mustard, wheat and plantago. To 
maintain uptake of water and nutrients under water limiting conditions, continuous 
proliferation of roots into new soil layer is important on the cell and tissue level (Nilsen 
and Orcutt, 1996). Nutrient uptake of plants decreased under water stress condition due 
40 
to reduced transpiration, A decline in soil moisture has also been associated with a 
decrease in nutrient uptake (Tanguiling et al, 1987) primarily caused by the 
physiological impairment of the active nutrient absorption and transport mechanism of 
the roots. 
Drought stress which resulted in reduction in seed yield was due to differential 
responses of yield contributing traits in species of rapeseed mustard (Brassica 
compestris and Brassica napus) (Mathur and Wattal, 1996). Kumar et al. (1994) 
reported that the seed yield reduction by water stress was because of decrease in the 
number of pods per plant and number of seed/pod. Protection of plants treated with 
plant growth regulators against abiotic stress such as those imposed by water, 
temperature and salinity as well as biotic stress such as pest and diseases have been 
reviewed (Hsiao, 1973; Sairam et al, 1989; Chaves, 1991; Ismail et al., 1999). Water 
potential, relative water content photosynthesis and concentration of photosynthetic 
pigments are known to be influenced by growth regulators under stress conditions 
(Kumari and Bharti, 1988; Cliquet et al, 1991; Sairam et al, 1991; Dayal et al, 1993). 
The protection offered by exogenous supply of growth regulators may be 
related to alterations in exogenous growth substances, sterol compositions and/or 
increased antioxidant activity (Lurie et al, 1994). Growth regulators application under 
moisture stress also helps in preserving water balance of the plant by closing the 
stomata and canopy modification and thereby reducing the rate of transpiration which 
ultimately results in protecting the enzyme proteins and cell organelles for biochemical 
activities (Leitch and Kuat, 1999; Sanvicente et al, 1999). Enhanced physiological 
activity under moisture stress due to growth regulators has also been reported by 
Sairam e/a/. (1989), 
It has been suggested that variations in endogenous levels of different growth 
regulators may act to modulate plant under balance and the results may provide some 
indications that water relations may be manipulated artificially. Induction of drought 
tolerance by the application of growth regulators has been reported by Kumari and 
Bharti (1988). 
Fertilizer application has been found to bring about marked improvement in 
water use efficiency with increasing fertility levels (Singh and Srivastava, 1996; 
Thakrale^a/., 1997). 
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The role of N in raising photosynthetic capacity has long been recognized. 
Nitrogen insures the build up of chlorophyll (Evans and Terashima, 1988; Sage et al., 
1990; Liu and Dickman, 1992) and increases the amount and activity of enzymes for 
CO2 assimilation. A strong correlation has been found between leaf conductance and 
leaf nitrogen content. Sugiharto et al. (1990) found a significant positive correlation 
between the photosynthetic capacity of leaves and their leaf nitrogen used for synthesis 
of components of photosynthetic apparatus. In particular Rubisco was strongly affected 
by nitrogen deficiency. 
Nitrogen application enhanced soil moisture extraction and increased water use 
efficiency during larger leaf area without affecting water use during the reproductive 
phase in mustard under different levels of stored soil moisture (Saran and Gin, 1990; 
Vyas et al., 1995). Nitrogen application has also been found to influence 
evapotranspiration, water use efficiency and moisture extraction patterns favourably 
(Zaman and Choudhri, 1988). 
2.7 Crop Response to Interaction Between Plant Growth Regulators and Nutrient 
Plant respond to experimental perturbations with a wide range of physiological 
and developmental adjustments. Adaptive variations in nutrient availability represent an 
important group of these metabolic responses, which often constitute the most stringent 
factors limiting plant distributions and productivity. There are many instances which 
suggest that the nutrient and growth regulators can interact in a variety of ways. 
Deficient and toxic levels of nutrients can affect the concentrations of specific 
hormones, and in turn, hormones have the capacity to direct the translocation and 
accumulation of nutrients in plants (Kuiper et al., 1989; Khan et al., 1998). Actually the 
nutritional status of a plant is common with other envirormiental factors which 
influence its metabolism and growth and can affect the synthesis and distribution of 
growth substances. Reports are available about the influence of growth regulators on 
absorption and transport of ions either directly (because of some interaction with 
membrances) or indirectly (through effects on metabolism). Considering the complex 
interactions of plant growth regulators and the multiplicity of plant fianctions, they 
control, the impact of nutrients on growth regulators is an important issue. 
In the following pages attempt has been made to cover aspects of interactions of 
nutrients with cycocel and ethrel application. 
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2.7.1 Interaction effect on growth parameters 
Growth of crops has been found to be influenced by the interaction of growth 
regulators and nutrients. Grewal and Kolar (1990) reported that CCC and ethrel 
reduced crop canopy and increased leaf area index in Brassica juncea when applied 
along with nitrogen while the crop did not respond to CCC or ethrel in absence of 
nitrogen. 
Similarly, Khan (1996) and Khan et al. (2000) have found positive effect of 
ethrel application on leaf area index and total plant biomass of mustard when sufficient 
basal nitrogen was available to the crop. In the absence of basal nitrogen plant did not 
respond to ethrel application. 
The affect of nitrogen level and chlormequat application on morphology of 
triticale has been reported by Naylor and Stephen (1993). Chlormequat chloride in 
association with nitrogen increased leaf area, leaf area ratio and duration of Brassica 
juncea (Prasad and Shukla, 1991). Another beneficial interaction effect of chlormequat 
and nitrogen was established by Savan et al. (1998), who found increased seedling 
vigour (length of hypocotyl, radicle and entire seedlings and seedling fi^esh weight and 
dry weight). Beside these findings, there are also reports indicating suppressing effect 
of growth regulators applied with nutrients. In one of the reports of Prasad and Shukla 
(1993) it found was that plant height of mustard was reduced. In Brassica napus CCC 
and ethrel suppressed the plant height and reduced leaf area index. However, nitrogen 
application produced sufficient growth of plant but spray of higher doses of CCC (250 
and SOOppm) and ethrel (SOOppm) reduced the crop canopy (Grewal etal, 1993). 
2.7.2 Interaction effect on photosynthetic parameters 
Chlorophyll content of plants was observed to be enhanced by the CCC at 250 
and 500ppm, but ethrel at 500ppm significantly improved the chlorophyll content in 
leaves o^ Brassica napus when 50 and lOOkg N/ha was applied. However, under no 
nitrogen application, higher dose of ethrel (1000 and 1 SOOppm) showed detrimental 
effects (Grewal et al., 1993). 
Grewal and Kolar (1990) reported that application of 250 or SOOppm of CCC 
and 500, 1000 and 1 SOOppm of ethrel reduced chlorophyll content when no N was 
applied but the reduction was only significant for 1 SOOppm ethrel at 0 and 50kg N/ha. 
However, 250ppm of CCC at 50 and 100kg N/ha and SOOppm CCC and 500 and 
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lOOOppm of ethrel at 100kg N/ha significantly increased the chlorophyll content of 
leaves in Brassica juncea compared with water sprayed plants. 
Grewal et al. (1993) observed indirect evidence of photosynthetic activities by 
enhancing chlorophyll content and retaining higher LAI with nitrogen (50 and 
lOOkg/ha) and spray of CCC (250 and 500ppm) or ethrel (500ppm) in Brassica napus, 
while exposure to sesamum seedlings to CCC and nitrate increased the photosynthetic 
activity (Bashist, 1990). Khan et al. (2000) also reported that at basal 80kg N/ha, ethrel 
spray improved LAI, thus resulting in more solar radiation being retained and enhanced 
net photosynthetic rate in Indian mustard {Brassica juncea). 
Plants are able to survive with 20 per cent or less full sunlight through the major 
part of soMang season (Crawford, 1986). Changes in the leaf structure, function, 
photosynthetic pigments and proteins are well characterized under different irradiance 
levels (Anderson et al, 1988), Since the groAvth and crop productivity of crop species 
are governed to a great extent by its surrounding environment, hence any change in the 
quantity and quality of solar radiation would certainly influence the growth and 
productivity of several crop species in various agro-climatic zones (Parry, 1992; Sinha, 
1992; Singh, 1997) The rate of photosynthesis and PAR are highly influenced with leaf 
development and canopy structure (Ramanujan and Naidu, 1995). 
In absence of N, ethrel at 1000 and 1500ppm significantly reduced the 
interception of PAR while increase in nitrogen application (50 and 100kg N/ha) 
resulted in increased leaf area index and chlorophyll content with CCC (250 or 
500ppm) or ethrel (500ppm) resulted in improvement in interception of PAR (Grewal 
et al. 1993) Similarly, in another study Grewal and Kolar (1990) observed that increase 
in N (from 0 to 50 and from 50 to lOOkg/ha) helped the crop canopy to trap more 
radiation. CCC at 250 or 500ppm and ethrel at 500ppm flirther improved the radiation 
interception at 50 and 100kg N/ha. At basal 60kg N/ha and foliar 10kg N/ha ethrel 
improved photosynthetic activities, improving crop canopy and retaining higher LAI 
during development phase of Brassica juncea (Khan, 1996). However, in the absence 
of N application, all these growth regulators treatment had negative effect on PAR 
interception in Brassica juncea. 
2.7.3 Interaction effect on nutrient uptake 
Application of chloromequat increased nutrient uptake and was higher where 
nitrogen was applied in equal splits than basal application (Prasad and Shukla, 1992). 
44 
Salama and Buzas (1987) reported the significant interaction effect between growth 
regulators and N, P and K fertilizers on the copper content of sunflower on calcareous 
sandy loam soils. Erdei and Dhakal (1980) reported that ethrel stimulated K"^  uptake in 
low K^ plants in wheat. In Brassica juncea increase in K uptake with ethrel and N 
application has been reported by Khan et al. (2000). 
2.7.4 Interaction effect on yield parameters 
Yield components not only depend on nutritional factors but also on hormonal status 
(Giridhar and Giri, 1997). Enhanced seed yield in Brassica napus in response to N 
application was more pronounced with spray of CCC and ethrel. Application of 50kg 
N/ha and a spray of CCC (250ppm) and ethrel (SOOppm) significantly improved the 
grain yield and further improvement was observed with 100kg N/ha, CCC (SOOppm) 
and ethrel (lOOOppm) (Grewal et al., 1993). Khan (1996) reported that ethrel in 
association with nitrogen significantly increased pods per plant, seeds per pod, 1000-
seed weight, seed yield, oil content and oil yield in mustard. However, ethrel proved 
less effective at lower nitrogen dose because of insufficient availability of 
photosynthates. The number of pods per plant and number of seeds per pod increased 
sufficiently with CCC at 250 and 500ppm and ethrel at 500 and lOOOppm only at 50 
and 100kg N/ha in Brassica juncea. At 50kg N/ha, CCC at 250ppm and ethrel at 
500ppm significantly improved seed yield and resulted in an increase in seed weight 
(Grewal and Kolar, 1990). 
CCC in association with urea significantly increased the total pod number at 
harvest over the control in pigeon pea {Arachis hypogea), resulted in an increase in 
grain yield (Vikhe et al., 1983). Chloromequate chloride in association with nitrogen 
fertilizer increased oil yield, seed protein content, number of siliquae/plant, number of 
seeds/siliqua and siliqua length and seed yield of mustard (Brassica juncea) (Prasad 
and Shukla, 1991; Prasad and Shukla, 1993). Increase in seed jaeld and its components 
in association with CCC and nitrogen has also been reported in cotton plants (Sawan et 
al., 1998), sunflower (Uppar and Kulkami, 1990). Khan et al. (2000) reported that 
ethrel enhanced pods per plant, seed yield, seed yield merit. However, the response of 
mustard was greater with the application of 80kg N^a than 0 to 40kg N/ha. 
2.7.5 Interaction effect on quality parameters 
Spraying of rape plants with RSW0411 in association with nitrogen did not 
affect the glucosinolate content and fatty acid composition in the oil. It was neither 
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influenced by nitrogen nor by the interaction of the growth regulators with nitrogen. 
However, glucosinolate content of Brassica napus L. increased but pattern of fatty 
acids in the oil was not influenced by the nitrogen level (Gendy and Marquard, 1989). 
2.8 Concluding Remarks 
The foregoing review clearly established the fact that plant growth regulators 
are potent chemicals for enhancing performance of many crops. They exhibit 
pronounced interaction eflPect with nutrients. However, the information regarding the 
interaction eflFect of plant growth regulators particularly cycocel and ethrel with 
nitrogen under non-irrigated conditions are meager. The work on the interaction effects 
of growth regulators like cycocel and ethrel, seems to be neglected particularly in 
mustard where it has better options. Therefore, an in depth study on the physiological 
response of mustard to cycocel and ethrel is highly desirable. The research work 
reported in the subsequent chapters is related to this aspect in order to fill the existing 
lacunae in our understanding of cycocel and ethrel with nitrogen interaction 
augmenting the performance of the mustard under non-irrigated conditions. 
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MATERIAL AND METHODS 
Comprehensive details of material used and methods followed during the course 
of present investigation are presented in this chapter. 
3.1 Experimental Material 
Seeds of the four different cultivars of mustard (Brassica juncea L. Czem & 
Coss.) namely Alankar, PBM-16, RH-30 and Pusa Barauni were used as the 
experimental material. Seeds of above mentioned cultivars were obtained from Indian 
Agricultural Research Institute, New Delhi, India. 
3.1.1 Nomenclature 
There exists great confusion about the proper nomenclature of Indian oleiferous 
Brassica. In order to avoid confiision, these are divided into four groups: 
1. Brown mustard, commonly called rai (raya or laha) Brassica juncea L. Czem & 
Coss. 
2. Sarson 
i) Yellow sarson - Brassica campestris L. var. Sarson Prain. 
ii) Brown sarson - Brassica campestris L. var. Dichotoma Watt. 
3. Toria (lahi or maghi lahi) Brassica campestris L. var. Toria Duth. 
4. Taramira or tara (Eruca saliva Mill.) 
In addition there are two other species, namely Brassica nigra Koch. (Banarasi rai) 
and Brassica juncea var, rugosa (Pahadi rai) which do not fall under any of the four 
groups, and are grown to a limited extent, 
3.1.2 Botanical description 
Rape and mustard include annual herbs. Roots, in general, are long and 
tapering. Toria is more or less a surface feeder but brown sarson has long roots, with a 
limited lateral spread, enabling its successful cultivation under dried conditions. Yellow 
sarson has both extensive and lateral spread. The height of the stem varies from 0.45m 
(in some varieties of toria) to 1.90m (in yellow sarson). In toria and brown sarson, the 
branches arise at an angle of 30° to 40°. In yellow sarson, the branches aries laterally at 
an angle of about 10° to 20° and give the plant a narrow and pyramidal shape. The 
inflorescence is a corymbose raceme. In the case of yellow sarson, the four petals are 
spread apart, whereas in brown sarson and toria, the petals overiap or may be placed 
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apart, depending upon the variety. The flowers bear a hypogynous syncarpous ovary. In 
brown sarson and toria, the ovary is bicarpellary, whereas in the case of yellow sarson, 
it may also be tri-or tetra-carpellary. 
The fruit is a siliqua. The pods are two valved, three valved or four valved, 
depending upon the number of carpels in the ovary. The flowers begin to open from 8 
a.m. and continue upto 12 noon. 
3.2 Experimental Site 
Four field experiments on mustard {Brassica juncea L. Czem «& Coss.) cultivars 
were conducted at the experimental field of University Agricultural Fann of Aligarh 
Muslim University, Aligarh, India. 
3.3 Agro-climatic Conditions 
Aligarh, one of the eighty-three districts of Uttar Pradesh, with an area of 5,024 
sq kms is situated at 27°52'N, 78°51'E and 187.45m altitude above sea level. It has 
semiarid and subtropical climate, with severest hot dry summers and intense cold 
winters. The winter stretches from the middle of October till the end of March. 
A gradual decrease in the temperature in December and January, reaching as 
low as 15°C and 13°C, and lowest recorded for any single day is 2°C and 0.5°C 
respectively. The summer season extends from April to June. In this season, a gradual 
increase in temperature is recorded, which attains maximum, sometimes in the month 
of June upto 46°C. 
The mean annual rainfall is about 847.3mm. More than 85% of the total 
downpour is delivered during a short span of four months from June to September. The 
remaining rain showers are received during winter. Winter rainfall is useful for rabi 
crops. But they are sometimes accompanied with high wind velocity and hailstorm. The 
average temperature and rainfall during a season are presented in Figs. 1-3. 
3.4 Meteorological Parameters 
The meteorological data was documented at the Meteorological Observatory, 
Department of Physics, Aligarh Muslim University, Aligarh. 
3.5 Soil Characteristics 
Aligarh districts has the same soil composition and appearance as that found 
generally in western Uttar Pradesh. Different types of soils such as sandy, loamy, 
sandy-loam and clayey-loam are found in the district. The soil of experimental site was 
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Samples of soil were collected from various chosen spots, upto depth of 
15cm spread over the entire experimental field before sowing of the experimental crop. 
Composite sample was prepared by mixing thoroughly all samples. This was then 
analyzed for various physio-chemical characteristics of the soil. Data obtained on 
characteristics for soil are presented in the Table 1. 
3.6 Soil Moisture 
The soil moisture percentage was determined gravimetrically after drying the 
soil samples. The soil moisture content was determined before sowing of the seeds and 
also before each sampling of the crop. The data on soil moisture content for various 
experiments are presented in Table la. 
3.7 Experimental Layout and Field Preparation 
3.7.1 Experimental layout 
The field experiments were laid out in factorial randomized block design (RCB) 
with three replications for each treatment. The individual plot size was 10m (2mx5m). 
3.7.1.1 Preparatory tillage 
Prior to trial, diligent ploughing of fields was done to turn the soil for maximum 
aeration and weed eradication. The plots were made with proper bunds for their 
demarcation. 
3.8 Fertilizer Application 
Uniform basal dose of 80 kg N, 30 kg P and 30 kg K was applied before sowing 
the seeds at the time of leveling for Experiments 1 and 2. In Experiments 3 and 4 
various doses of nitrogen 40, 60 and 80 kg/ha was applied as basal dose. The source of 
nitrogen fertilizer used was urea. 
3.9 Sowing 
The seeds were sown by the usual behind the plough method at the rate of 10 
kg/ha. Rows were separated by a distance of 40cm while the plants in the row were 
kept 15 cm apart. 
3.10 Thinning 
After the establishment of crop i.e. after 12 days, seedlings were thinned to 







































































































































































































































































































3.11 Crop Protection 
In order to check the aphid contagion, if any, insecticidal spray of Dimecron-
100 was done, just before fruiting. Weeding was done twice during the entire crop 
season to keep the experimental field free of weeds. 
3.12 Irrigation 
As the experiments were conducted under non-irrigated conditions, they were 
not irrigated. But sufficient soil moisture was ensured at the time of seed sowing. The 
water, the crop received, was through winter rains. 
3.13 Harvesting and Threshing 
Plants were harvested by cutting at the ground level from each plot and were 
allowed for sun drying. After sun drying, threshing was done. Seeds were cleared and 
seed yield was recorded. 
3.14 Experimentation 
3.14.1 Experiment I 
This experiment was conducted according to factorial randomized block design 
(RCB) during rabi season of 1997-98. The aim of this experiment was to investigate the 
effect of cycocel (2.chloroethyl trimethyl ammonium chloride) as a growth regulator on 
Alankar, PBM16, RH30 and Pusa Barauni cultivars of mustard {Brassica juncea L. 
Czem & Coss.). Cycocel was applied as foliar spray at concentrations of 0, 200, 400, 
600 and 800 ppm at post flowering stage (70d after sowing). Cycocel was sprayed at 
the rate of 600 lit/ha together with 0.5% teepol (a wetting agent). Control set was 
sprayed with equal amount of water and 0.5% teepol. The treatments are summarized in 
the Table 2. A uniform basal dose of 80 kg N, 30 kg P and 30 kg K/ha was applied as 
urea, single superphosphate and muriate of potash respectively, to the soil prior to 
sowing. The size of each plot was lOm^ (2m x 5m). The seeds were sown by the usual 
behind the plough method at the rate of 10 kg/ha. Each treatment was replicated three 
times. 
At 80 (pod fill), 100 (maturity) and 120 (harvest) d after sowing (DAS), five 
plants from each plot were taken to record various characteristics as listed later in this 
chapter (Section 3.16). 
3.14.2 Experiment 2 
This experiment was conducted simultaneously with Experiment 1 according to 
factorial randomized block design (RCB) during rabi season of 1997-98. The aim of 






































Mustard {Brassica juncea L. Czern & Coss.) 
70d (post flowering) 
Factorial randomized block design (RGB) 
Table 2a: Model of analysis of variance (ANOVA) for Experiment 1 
(Factorial randomized block design, RCB) 
Source of 
variation 














this experiment was to assess the effect of ethrel (2-chloroethyl phosphonic acid, a 
ethylene releasing compound) on Alankar, PBM16, RH30 and Pusa Barauni cultivars 
of mustard {Brassica juncea L. Czem & Coss.) applied as foliar spray at concentrations 
of 0, 200, 400, 600 and 800 ppm at post-flowering stage (70d after sowing). Ethrel was 
sprayed at the rate of 600 lit/ha together with (0.5% teepol, a wetting agent). The 
control set was sprayed with equal amount of de-ionized water and 0.5% teepol. 
Plants were sampled for the determinations of characteristics as described in 
Experiment 1. The summary of treatments is given in the Table 3. 
3.14.3 Experiment 3 
This experiment was conducted according to factorial randomized block design 
(RCB) during rabi season of 1998-99, and was based on the findings of Experiment 1. 
The spraying concentrations of cycocel used at 70d (post-flowering stage) were 0, 200, 
400 and 600 ppm on a variety Alankar (based on Experiment 1) grown along with 
basally applied 0, 40, 60 and 80 kg N/ha. The aim of this experiment was to study the 
nitrogen requirement and improvement in yield performance of mustard (Brassica 
juncea L, Czem & Coss.) with exogenous supply of cycocel under non-irrigated 
conditions. The observations recorded at 80, 100 and 120d were same as in 
Experiments 1 and 2, but nitrogen harvest index and nitrogen yield merit were also 
studied in these experiments. 
Plant cultivation processes and procedures were same as described earlier. The 
details of the treatment are presented in the Table 4. 
3.14.4 Experiment 4 
This experiment was carried out simultaneously with Experiment 3 in rabi 
season of 1998-99 and was based on the findings of Experiment 2. The concentrations 
of ethrel sprayed at 70d (post-flowering stage) were 0, 200, 400 and 600 ppm on 
Alankar cultivar of mustard (Brassica juncea L. Czem & Coss.) grown with basally 
applied 0, 40, 60 and 80 kg N/ha. The aim of this experiment was to study the 
interaction effect of ethrel and nitrogen on performance of mustard under non-irrigated 
conditions. The observations recorded at 80,100 and 120d were same as in Experiment 
3. The details of the treatment are presented in the Table 5. Plam cultivation procedures 
were same as in earlier experiments. 
Table 3: Scheme of treatments for Experiment 2 (1997-98) 
Cultivars 
Ethrel spray treatments (ppm) 
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Table 3a: Model of analysis of variance (ANOVA) for Experiment 2 
(Factorial randomized block design, RGB) 
Source of 
variation 




















Cycocel spray treatments (ppm) 




















Source of N 
Mustard {Brassica juncea L. Czern & Coss.) cv. 
Alankar 
70d (post flowering) 
Factorial randomized block design (RCB) 
Urea 
Table 4a: Model of analysis of variance (ANOVA) for Experiment 3 
(Factorial randomized block design, RCB) 
Source of 
variation 













Table 5: Scheme of treatments for Experiment 4 (1998-99) 
Nitrogen Ethrel spray treatments (ppm) 
(kg N/ha) 0 200 400 600 
N40 
Nso 
Crop Mustard {Brassica juncea L. Czern & Coss.) cv, 
Alankar 
Spray stage : 70d (post flowering) 
Design Factorial randomized block design (RGB) 

















Table 5a: Model of analysis of variance (ANOVA) for Experiment 4 
(Factorial randomized block design, RGB) 















3.15 Biometric Observations 
The observations were carried out 10 days after spray at 20 days interval tiU 
harvest (120d). The physiological growth stages were at 80 (pod fill), 100 (maturity) 
and 120d (harvest). The soil moisture content at these stages are given in Table la. Five 
plants from each plot were taken out and used for determination of various plant 
characteristics, described in the following pages: 
3.16 Determinations 
3.16.1 Growth parameters 
The following growth parameters were studied at 80, 100 and 120d after 
sowing. 
1. Plant length 
2. Leaf number per plant 
3. Leafarea per plant 
4. Specific leaf area 
5. Specific leaf mass 
6. Dry mass of different plant parts 
(i) Leaf dry mass 
(ii) Stem dry mass 
(iii)Pod dry mass 
7. Plant dry mass 




9. Crop growth rate 
10 Relative growth rate 
11. Net assimilation rate 
3.16.1.1 Plant length and leaf number 
Plants were sampled and washed. Shoot length was measured and leaf number 
in a plant was counted. 
3.16.1.2 Leafarea 
Leaf area was determined by gravimetric method. Leaf area of about 10% 
leaves fi-om each treatment was determined by tracing on graph sheet and dry weight of 
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these leaves was recorded. The leaf area/plant was computed by using leaf dry 
weight/plant and dry weight of those leaves for which the area was estimated using the 
formula: 
LAi 
LA = X W2 
W, 
Where LAi = Leaf area of the leaves traced on graph paper 
Wi = Dry weight of the leaves for which leaf area was traced 
on graph paper 
W2 = Total dry weight/plant 
3.16.1.3 Specific leaf area 
Specific leaf area (SLA) represents leaf area per amount of leaf biomass 
Leaf area 
SLA = 
Leaf dry weight 
3.16.1.4 Specific leaf mass 
Specific leaf weight (SLW) was calculated by dividing the leaf dry weight with 
the leaf area 
Leaf dry weight 
SLW = 
Leaf area 
3.16.1.5 Plant dry mass 
Plants collected were washed well with tap water. These sampled plants were 
divided into different parts like leaf, stem and pod, and were separated and were dried 
in hot air oven at 80°C for two days. The dried material was weighed on a balance and 
the weight was recorded as dry weight of different plant parts as well as their sum as 
plant dry mass. 
3.16.1.6 Crop growth rate 
Dry matter accumulation per plant per unit of time is expressed as crop growth 




Where dw = difference in dry weight in given time/plant 
dt = time interval 
53 
3.16.1.7 Relative growth rate 
Relative growth rate (RGR) was calculated according to the formula given by 
Radford (1967) 
LnWj-LnW, 
RGR = '— 
t 2 - t l 
2.303 (logio W2 - logio Wi) 
i.e. RGR = 
t 2 - t i 
where Wi = Dry weight of plant at growth stage I 
Wj = Dry weight of plant at growth stage II 
ti = Days to sampling at growth stage I 
t2 = Days to sampling at growth stage II 
3.16.1.8 Net assimilation rate 
Net assimilation rate (NAR) was calculated by using the formula given by 
Milthorpe and Moorby (1979) 
W2-W1 (LnLi -LnLi ) 
NAR = X 
t2 - ti L2 - Li 
i.e. 
W2 - Wi 2.303 (logio U - Logio Li) 
NAR = X 
t 2 - t l L2 -L1 
where Wi = Dry weight/plant at growth stage I 
W2 = Dry weight/plant at growth stage II 
ti = Days to sampling at growth stage I 
tj = Days to sampling at growth stage II 
Li = Leaf area/plant at growth stage I 
L2 = Leaf area/plant at growth stage II 
Ln = Logarithm to base e 
Logic = Logarithm to base 10 
3.16.2 Photosynthetic parameters 
The following physiological parameters were studied at 80, 100 and 120 d. 
1. Chlorophyll content 
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2. Net photosynthetic rate 
3. Stomatal conductance 
4. Photosynthetic active radiation 
5. Photosynthetic water use efficiency 
3.16.2.1 Chlorophyll content 
Estimation of chlorophyll a, b and total chlorophyll was done by the dimethyl 
sulphoxide (DMSO) method of Hiscox and Israelstam (1979). The details of the 
method are described as follows: 
3.16.2.1.1 Extraction 
Freshly plucked leaves (lOOmg) were slasned into the pieces and collected in 
test tubes containing 7,0 ml DMSO. The test tubes were covered with the black paper 
and incubated at 45°C for 40 minutes. The reaction mixture was transferred to 
graduated tube and the final volume was made upto 10.0ml DMSO. The chlorophyll 
content was then measured immediately for the reaction mixture or leaves were stored 
at 4°C in dark until analyzed. 
3.16.2.1.2 Chlorophyll estimation 
3.0ml sample of chlorophyll extract was transferred into a cuvette and the 
absorbance was taken at 645 and 663nm on UV-Vis spectrophotometer (Model DU 
640B, Beckman, USA). 
3.16.2.1.3 Calculation of chlorophyll content 
Chlorophyll content was calculated following the equation given by Amon 
(1949). 
Chlorophyll a V 
(mg/g/leaf fresh mass) = (12.7 x ODees) - (2.69 x OD645) x 
1000 xW 
Chlorophyll b V 
(mg/g/leaf fi-esh mass) = (22.9 x OD645) - (4.68 x ODees) x 
1000 xW 
Total chlorophyll V 
(mg/g leaf fresh mass) =20.2(OD645) + 8.02 (ODges) x 
1000 xW 
where V = volume of the extract 
W = weight of the tissue taken 
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3.16.2.2 Rate of photosynthesis and stomatal conductance 
The rate of photosynthesis and stomatal conductance in leaves were measured 
by using infrared gas analyzer IRGA (LICOR-6200, Nebraska, USA). These 
measurements were made on uppermost folly expanded leaf of the main branch in 
treated plants and in control plants. The measurements were done between 1100-1200 
hours at photo synthetically active radiation around 1100|imol/m^/s. 
3.16.2.3 Photosynthetically active radiation 
Penetration of photosynthetically active radiation (PAR) was measured with 
photometer (Lux Meter LXlOl) at the top of the crop canopy and at the soil surface. 
The interception of PAR by the crop canopy was calculated by the following formula. 
PAR above PAR at 
crop canopy — soil surface 
Interception of PAR (%) = x 100 
PAR above crop canopy 
3.16.2.4 Photosynthetic water use efficiency 
Photosynthetic water use efficiency was calculated by dividing rate of photosynthesis 
by stomatal conductance, as described by Das et al. (1999). 
3.16.3 Biochemical parameters 
The following biochemical parameters were studied at the stages described earlier. 




2. N, P and K uptake of plant . 
(i) Nitrogen *^ ' y - ' ^ "^  
••'' r '•• \ 
(ii) Phosphorus <.[' , .; 
(iii) Potassium 
3.16.3.1 N, P and K concentration of plants 
The dried plant material collected at different sampling stages was used for the 
estimation of N, P and K content and uptake. 
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3.16.3.1,1 Digestion of plant samples for N, P and K content 
The digestion of plant material was done following the method by Lindner 
(1944). lOOmg of oven dried powder from each replicate was transferred to a 50ml 
Kjeldahl flask to which 2ml of sulphuric acid was added. The content of the flask was 
heated on temperature controlled assembly for about 2 hours to allow complete 
reduction of nitrates in the plant material by the organic matter itself As a result, the 
contents of the flask turned black. After cooling the flask for about 15 minutes, O.Sml 
of 30% H2O2 was added drop by drop and the solution was heated again till the colour 
turns fi'om black to light yellow. After cooling for about 30 minutes an additional 3-4 
drops of 30% H2O2 was added followed by heating for another 15 minutes. The process 
was repeated till the contents of the flask turned colourless. The peroxide digested 
material was transferred from Kjeldahl flask to 100ml volumetric flask with three 
washings with double distilled water (DDW). The volume of the flask was made upto 
the mark by DDW. This peroxide digested material was used for the estimation of N, P 
andK. 
3.16.3.1.1.1 Estimation of nitrogen 
Nitrogen was estimated according to Lindner (1944), A 10ml aliquot of the 
digested material was taken in a 50ml volumetric flask. To this, 2ml of 2.5N NaOH and 
1ml of 10% NaSi02 solution was added which neutralizes excess of acid and prevent 
turbidity. The volume of the solution was made upto the mark with the distilled water. 
In a 10ml graduated test tube, 5ml of the solution was taken and 0.5ml of Nessler's 
reagent was added. The final volume was made up with distilled water. The content of 
the tube was allowed to stand for 5 minutes for maximum colour development. Then 
the solution was transferred to a colorimetric tube and optical density (O.D.) was read 
at 525nm with the help of spectrophotometer (Model DU 640B, Beckman, USA). 
3.16.3.1.1.1.1 Standard curve for nitrogen 
50mg ammonium sulphate was dissolved in 1 litre DDW. From this solution, 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0ml was pipetted to ten different test tubes. 
The solution in each test tube was diluted to 5ml with DDW. In each test tube 0.5ml 
Nessler's reagent was added. After 5 minutes, the optical density was read at 525nm on 
spectrophotometer (Model DU 640B, Beckman, USA). A blank was run 
simultaneously with each set of determination. Standard curve was plotted using 
different concentrations of ammonium sulphate solution versus optical density (O.D.) 
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and with the help of this standard curve, the amount of nitrogen present in the sample 
was determined on dry weight basis, 
3.16.3.1.1.2 Estimation of phosphorus 
The method of Fiske and Subba Row (1925) was used to estimate the total 
phosphorus in digested material. 5ml aliquot was taken in a 10ml graduated test tube 
and 1ml of molybdic acid (2.5% ammonium molybdate in 10 N sulphuric acid) was 
carefully added, followed by the addition of 0.4ml of l-amino-2-napthol-4-sulphonic 
acid. This turned the colour blue. Volume was made upto 10ml with DDW. The 
solution was shaken for 5 minutes and subsequently transferred to a colorimetric tube. 
The optical density was read at 620nm on a spectrophotometer. A blank was used 
simultaneously. 
3.16.3.1.1.2.1 Standard curve for phosphorus 
351mg of potassium dihydrogen orthophosphate was dissolved in sufficient 
DDW to which 10ml of 10 N H2SO4 was added and the final volume was made to 
1000ml with DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 
1.0ml was taken in ten different test tubes. The solution in each test tube was diluted to 
5ml with DDW. In each tube 1ml molybdic acid and 0.4ml of l-amino-2-napthol-4-
sulphonic acid was added. After 5 minutes, optical density was read as 620nm on 
spectrophotometer. A blank was run with each set and standard curve was plotted using 
different dilutions of potassium dihydrogen orthophosphate solution versus optical 
density. With the help of the standard curve, the amount of phosphorus present in the 
sample was determined. 
3.16.3.1.1.3 Estimation of potassium 
Potassium was estimated with the help of flame photometer. After adjusting the 
filter for potassium in the photometer, 10ml peroxide digested material was run. A 
blank was also run simultaneously. 
3.16.3.1.1.3.1 Standard curve for potassium 
1.9Ig of potassium chloride was dissolved in 100ml DDW, of which 1ml 
solution was diluted to 1 litre. The resulting solution was of lOppm potassium. From 
this, 1, 2, 3, 4, 5, 6, 7, 8, 9 and lOml solution was transferred to 10 vials separately. The 
solution in each vial was diluted to lOml with DDW. The diluted solution of each vial 
was run separately. A blank was also run with each set of determination. Standard 
curve was prepared using different dilutions of potassium chloride solution versus 
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readings on the scale of galvanometer. The amount of potassium present in sample was 
determined with the help of standard curve. 
3.16.3.2 N, P and K uptake of plants 
The product of nitrogen, phosphorus and potassium content of plant at different 
sampling stages and their respective dry matter at these stages were used to calculate N, 
P and K uptake. 
3.16.4 Yield parameters 
At harvest following parameters were recorded 
1. Pod number per plant 
2. Seed number per pod 
3. 1000 seed weight 
4. Seed yield 
5. Biological yield 
6. Harvest index 
7. Seed yield merit 
8. Nitrogen harvest index (Experiment 3 and 4) 
9. Nitrogen yield merit (Experiment 3 and 4) 
10. Merit of genotype (Experiment 3 and 4) 
3.16.4.1 Pod number per plant 
At harvest, 25 plants from each treatment were removed. The pods were 
collected and counted. 
3.16.4.2 Seed number per pod 
The number of seeds of 25 pods from each treatment was counted. 
3.16.4.3 1000 seed weight 
From the produce of the plot, 1000 seeds were randomly drawn and the weight 
was recorded. 
3.16.4.4 Seed yield 
The total seeds from one-meter square area of the plot were cleaned, sun dried 
and weighed to compute the seed yield. 
3.16.4.5 Biological yield 
The total biological yield from one-meter square area of the plot was recorded 
from sun dried sample before threshing. 
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3.16.4.6 Harvest index 
Harvest index was computed by dividing the economic yield (seed yield) by 
biological yield and expressed in percentage (Donald and Hamblin, 1976). 
Seed yield 
Harvest index (%) = x 100 
Biological yield 
3.16.4.7 Seed yield merit 
Seed yield merit was calculated as a product of seed yield and harvest index 
(Imsande, 1992). It is observed that seed yield and harvest index of a crop frequently do 
not provide the satisfactory measure of plant yield efficiency because a large plant may 
have a high seed yield and low harvest index but a small plant may have a low yield 
and high harvest index. Seed yield merit combines the two characteristics into a single 
parameter (Imsande, 1992). 
3.16.4.8 Nitrogen harvest index 
Nitrogen harvest index was calculated in Experiment 3 and Experiment 4 by 
dividing total seed N by total plant N (Imsande, 1992). 
3.16.4.9 Nitrogen yield merit 
Nitrogen yield merit was calculated in Experiment 3 and Experiment 4 as a 
product of nitrogen harvest index and seed N (Imsande, 1992). 
3.16.4.10 Merit of genotype 
Merit genotypes was calculated in Experiment 3 and Experiment 4 as a product 
of seed yield merit and nitrogen yield merit (Imsande, 1992). 
3.16.5 Quality parameters 
The seed sample was crushed to get a fine meal for extracting the oil after 
separating them from extraneous material. The quality of oil was assessed in terms of 
the following traits. 
1. Oil content 
2. Oil yield 
3. Acid value 
4. Iodine value 
5. Saponification value 
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3.16.5.1 Oil content 
25g of ground seeds meal was transferred to a Soxhlet apparatus and sufficient 
quantity of petroleum ether was added. The apparatus was kept on a hot water bath 
running at 60°C for about 6 hours for complete extraction of oil. The petroleum ether 
from the extracted oil was evaporated after sometime. The extracted oil was expressed 
as a percentage by mass of the seeds and was calculated by the following formula: 
m 
oil% = X 100 
mo 
3.16.5.2 Oil yield 
The per cent oil content was multiplied with seed yield to obtain oil yield. 
3.16.5.3 Acid value 
The acid value of oil is the amount of potassium hydroxide spent to neutralize 
free acid in one gram of oil. It was determined by the following method (Anonymous, 
1970): 
2g oil was dissolved in 50ml solvent mixture of 90% alchohol and diethylether 
(1:1) in a 250ml conical flask. Titration was carried out with 0.1 N potassium 
hydroxide solution using phenolphthalein as an indicator and the amount of ml (a) of 
0.1 N KOH required was noted. The acid value was calculated by the following 
formula: 
Acid value = a x 0.005661 x 1000/w 
Where a = ml of 0.1 N KOH used in titration 
w = weight of oil in mg 
3.16.5.4 Iodine value 
The iodine value of a oil is the number of g of iodine absorbed by lOOgm of oil 
and expressed as the weight of iodine. It was determined by using iodine monochloride 
method described below (Anonymous, 1970): 
2gm oil was taken in a dry ground neck flask to which 10ml carbon 
tetrachloride and 20ml iodine monochloride solution was added. The flask was 
stoppered and was allowed to stand in a dark place for about 30 minutes. After 30 
minutes, 15ml potassium iodine solution and 100ml DDW was poured into with proper 
shaking. Titration was carried out with 0.1 N sodium thiosulphate (Na2S203) solution 
using starch solution as an indicator. Number of ml 'a' of sodium thiosulphate solution 
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used was noted. For blank similar operation was put into practice without the oil and 
the number of ml 'b' of 0.1 N sodium thiosulphate solution was noted. Iodine value 
was calculated by the following formula (Anonymous, 1970): 
Iodine value = (b - a) x 0,01269 x 100/w 
where 'a' and 'b' = number of ml of 0.1 N Na2S203 solution used in the sample and 
blank titration respectively 
w = weight of the oil in g 
3.16.5.5 Saponification value 
The saponification value of oil is the amount of mg of KOH consumed by Igm 
of the oil to neutralize the fatty acid resulting from complete hydrolysis (Anonymous, 
1970). 
2gm of oil was taken in a 250ml conical flask to which 25ml of 0.5 N KOH 
solution was added. The flask was attached with reflux condenser and heated on water 
bath for about 1 hour with frequent rotation of the contents of the flask. The excess of 
alkali was titrated with 0.5 N HCI. The number of ml 'a' of 0.5 N HCI was noted. 
Similar practice was repeated without oil and the number of ml 'b' of 0.5 N HCI 
required was noted (Anonymous, 1970) 
Saponification value was calculated by the following formula: 
(b - a) X 0.02805 x 1000 
Saponification value = 
w 
where 'a' and 'b' = number of ml of 0.5 N HCI used in the sample and blank titration 
respectively 
w = weight of the oil in g 
3.17 Statistical Analysis 
All experimental data were analyzed statistically by using analysis of variance 
techniques and LSD (Least Significant Difference) was calculated (Gomez and Gomez, 
1984). Analysis of variance was performed on data fi-om all measurements using a 
randomized complete block design and level of significance at P < 0.05 was determined 
for treatment effects. Differences among means were declared significant by comparing 
the means on calculated LSD basis. Coefficient of variation (CV) was also calculated 
for most of the parameters for Experiments 1-4. Relationship of one trait with the other 
was analysed by linear regression analysis. The ANOVA tables for all the four 
experiments are given in Tables 2a, 3a, 4a and 5a. 
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The results of the four field experiments conducted are described in detail in 
this chapter. The first two experiments were conducted to evaluate the effect of 0, 200, 
400, 600 and SOOppm of cycocel (Experiment 1) and ethrel sprays (Experiment 2) on 
growth, photosynthetic, biochemical, yield and quality characteristics of Alankar, Pusa 
Barauni, PBM16 and RH30 cultivars of mustard. The third and fourth experiments 
were conducted on the basis of the resuhs of the first two experiments. The best 
performed cultivar (Alankar) was selected and spray of 0, 200, 400 and 600ppm of 
cycocel (Experiment 3) and ethrel (Experiment 4) were done on the plants grown with 
basal levels of 0, 40, 60 and 80kg N/ha. 
The details of the experimental system and plant determinations carried out 
have been described in material and methods chapter. 
4.1 Experiment 1 
4.LI Growth parameters 
Growth parameters studied at 80, 100 and 120 days after sowing included plant 
length, leaf number, leaf area, specific leaf area, specific leaf mass, dry mass and per 
cent dry mass distribution in stem, leaf and pod, total plant dry mass, crop growth rate, 
relative growth rate and net assimilation rate (Tables 6-20). 
4.LL1 Plant length 
Pusa Barauni was found to be longer than all the other cultivars at all sampling 
stages followed by Alankar and PBM16. Lowest values were recorded for RH30. At 
120d values for Alankar and PBM16 were at par. Spray effect of cycocel was 
significant from lOOd onwards and it was found that plants sprayed with cycocel were 
significantly shorter than unsprayed plants. At 1 OOd, the effects of concentrations of 
600 and SOOppm recorded at par values with each other and significantly inferior to 200 
and 400ppm concentrations, which were at par among themselves. At final stage there 
was length reduction as concentration increased and alternate concentrations were 
significantly different. The interaction effect was found to be non-significant (Table 6). 
4.L1.2 Leaf number per plant 
Equal number of leaves were recorded in Alankar, Pusa Barauni and RH30 at 
















































< * H 
o 































• * - • 
"3 
o 
^ * v 
DC 













































































































































































































































































































































5 « .2 
"a >. cs 




















































































and lowest leaf number were found in Pusa Barauni and PBM16 cultivars respectively 
(Table 7). 
The effect of spray was significant at 100 and 120d. Increase in cycocel 
concentrations reduced the leaf number. It was found that the effects of 400 and 
600ppm and 600 and SOOppm were statistically equal and the values were significantly 
inferior to 200ppm which in turn was inferior to control. The interaction effect was 
found to be non-significant (Table 7). 
4.1.1.3 Leaf area per plant 
In general maximum leaf area was found for Alankar and the values were 
significantly higher than other cuhivars at 80 and 120d, but at lOOd, value recorded for 
RH30 was statistically equal. Minimum leaf area was found for Pusa Barauni. The 
effect of spray treatment was significant at 100 and 120d. Among different spray 
treatments significantly highest value was found for water sprayed plants (Table 8). 
Increase in cycocel concentration reduced the leaf area. Thus water sprayed plants 
showed maximum leaf area. The interaction effect was found to be non-significant 
(Table 8). 
4.1.1.4 Specific leaf area 
Comparing different cultivars specific leaf area was significant only for 80 and 
120d. At 80d, cultivar Alankar registered maximum value, while at 120d, RH30 
recorded maximum value (Table 9). Cycocel spray treatment effect was significant at 
120d, when spray of water gave maximum value, which differed critically from other 
values. The interaction effect was non significant at all growth stages (Table 9). 
4.1.1.5 Specific leaf mass 
Specific leaf mass for Pusa Barauni,PBM16 and RH30 was statistically equal at 
80d, but at 120d, values for PBM16 and Alankar were at par. At lOOd, there was no 
significant difference among cultivars performance (Table 10). 
Spray treatments of cycocel were significant only at lOOd. Concentration 
600ppm gave significantly highest value. However, the value for this spray treatment 
was at par with those for 400 and SOOppm. The interaction effect was found to be non-
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4.1.1.6 Dry mass of different plant parts 
4.1.1.6.1 Leaf dry mass 
Comparing the cultivars for leaf dry mass, PBM16 showed significantly highest 
value followed by Alankar at all the growth stages (Table 11). 
Cycocel treatments were significant at 100 and 120d only. At lOOd, 400ppm 
showed significantly highest value while at 120d, the same treatment had the maximum 
value but was at par with 200 and 600ppm concentrations (Table 11). The interaction 
effect was found to be non-significant. 
4.1.1.6.2 Stem dry mass 
Among cultivars and cycocel treatments, stem dry mass was significant only at 
100 and 120d. At both stages, Alankar registered significantly highest value but was at 
par with RH30 at 120d (Table 12). 
400ppm cycocel treatment which was at par with 200ppm and control 
treatments showed equal values at 100 and 120d and 600ppm and SOOppm proved 
inhibitory (Table 12). The interaction effect was found to be non-significant. 
4.1.1.6.3 Pod dry mass 
Among different cultivars, Alankar showed significantly maximum values for 
pod dry mass at all the three sampling stages. However, at 120d, value for Pusa Barauni 
was also at par with Alankar (Table 13). 
Spraying of cycocel generally increased the pod dry mass. At 100 and 120d, 
400ppm concentration registered significantly highest values while at 80d, the cycocel 
effect was non-significant (Table 13). The interaction effect was found to be non-
significant. 
4.1.1.7 Plant dry mass 
Among different cultivars highest and lowest values for total dry mass were for 
Alankar and Pusa Barauni respectively at all growth stages. The values for Alankar 
significantly differed fi'om other values. 
Spray treatment significantly affected plant dry mass at 100 and 120d. At these 
two stages, maximum value was noted for spray of 400ppm cycocel which was 
statistically equal for 600ppm spray treatment. Spray of SOOppm proved inhibitory and 
recorded minimum values at these growth stages. The interaction effect was not 
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4.1.1.8 Per cent distribution of dry mass 
4.1.1.8.1 Leaf 
At all sampling stages cultivar PBM16 registered significantly maximum per 
cent distribution of dry mass towards the leaf (Table 15). 
Spraying of cycocel increased the per cent leaf dry mass only at lOOd and at this 
stage the values for all concentrations were at par with one another but superior to 
water sprayed treatment (Table 15). The interaction effect was found to be non-
significant. 
4.1.1.8.2 Stem 
The difference among cultivars in per cent stem dry mass was significant only 
at 80 and 120d. At 80d, Pusa Barauni and RH30 registered at par values with one 
another but superior to Alankar while at 120d, RH30 registered the significantly highest 
values (Table 16). 
The spray treatment was significantly different only fi^omlOOd onwards. At 100 
and 120d, application of cycocel reduced the per cent dry mass towards the stem. 
Control treatment showed the highest values as compared to cycocel treatments (Table 
16). However, at 120d, the effect for control and 200ppm was equal. The interaction 
effect was found to be non-significant. 
4.1.1.8.3 Pod 
Among cultivars, Alankar recorded significantly maximum per cent pod dry 
mass at 80d, while at lOOd, the other two cultivars Pusa Barauni and RH30 also showed 
at par values with Alankar. At 120d, the values for all cultivars did not differ 
significantly (Table 17). 
Among cycocel sprays, 400ppm concentration recorded significantly highest 
value at all stages but the value was at par with 600ppm and 800ppm concentration at 
100 and 120d (Table 17). The interaction effect was found to be non-significant. 
4.1.1.9 Crop growth rate 
Crop growth rate (CGR) was highest in Alankar between 80-lOOd period 
followed by PBM16 and RH30 cultivars which were at par among themselves, but were 
significantly superior to Pusa Barauni. At 100-120d highest and lowest values for CGR 
were found for PBM16 and Alankar respectively. At this growth interval RH30 had 
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Among different spraying concentrations at 80-lOOd interval maximum CGR 
was found with 400ppm cycocel treatment followed by 200, 600, control and SOOppm, 
At final growth stage (100-120d), both control and 200ppm of cycocel being at par 
produced maximum effect. Highest concentration (SOOppm) spray resulted into lowest 
value. The interaction effect was significant only for 80-lOOd, when Alankar with 
400ppm cycocel registered significantly maximum value (Table 18). 
4.1.1.10 Relative growth rate 
Relative growth rate (RGR) was maximum in Alankar at 80-100d. The value 
recorded for Alankar significantly differed from other values. However, the cultivar 
Alankar registered significantly lowest value at 100-120d and maximum value for 
PBM16. At 80-lOOd lowest value was recorded for Pusa Barauni (Table 19). 
Regarding spray treatment at 80-lOOd, maximum value was found with 400ppm 
and that was at par with that for 200ppm. Both these treatments were significantly 
superior to all other treatments. Significant lowest value was found in SOOppm 
treatment. Between 100-120d, the values for the control and 200ppm were at par and 
were significantly superior to all other values. As the concentration increased relative 
growth rate decreased significantly. 
The interaction effect was found to be significant and it was found that cultivar 
Alankar with 400ppm of cycocel treatment had highest value at 80-lOOd whereas 
cultivar PBM16 with 200ppm concentration had highest value at 100-120d. Minimum 
values were recorded for Pusa Barauni with water supply at 80-lOOd and RH30 with 
SOOppm of cycocel (Table 19). 
4.1.1.11 Net assimilation rate 
Significantly highest values of net assimilation rate (NAR) were found for 
cultivar Alankar at 80-lOOd and for cultivar PBM16 at 100-120d. Significantly lowest 
values were found for Pusa Barauni at 80-lOOd and RH30 at 100-120d (Table 20). 
Spray of cycocel significantly affected net assimilation rate, which was highest 
with 400ppm concentration at 80-lOOd followed by 200, 600, control and SOOppm. At 
100-120d maximum value was found with 200ppm followed by control and 400ppm 
which were at par with each other. Lowest value was found with SOOppm cycocel 
treatment. 
Regarding interaction effect at SO-lOOd maximum value was registered for 
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was recorded for PBM16 with 600ppm cycocel. SOOppm cycocel spray on Alankar and 
water spray on Pusa Barauni registered minimum value at 80-lOOd and 100-120d 
respectively (Table 20). 
4.1.2 Photosynthetic parameters 
Physiological parameters like chlorophyll content, net photosynthetic rate, 
stomatal conductance, photosynthetic active radiation and photosynthetic water use 
efficiency were studied at 80, 100 and 120d (Tables 21-25). 
4.1.2.1 Chlorophyll content 
Cultivars responded significantly at 100 and 120d. Pusa Barauni, at these two 
stages, exhibited maximum chlorophyll content. However, the value for Pusa Barauni 
at lOOd was statistically equal with that of PBM16 and Alankar. At i20d response of 
Pusa Barauni was followed by Alankar and PBM16 and RH30 being at par among 
themselves were inferior to Alankar (Table 21). 
In general there was increase in chlorophyll content as the concentration of 
cycocel spray increased. All concentration of cycocel spray registered at par values 
which differed significantly fi'om water spray control. The interaction effect was found 
to be non-significant. 
4.1.2.2 Net photosynthetic rate 
Net photosynthetic rate was significantly different among cultivars only at 
I20d. It was found that PBM16 registered significantly higher value than that for RH30 
and Alankar, but was at par with Pusa Barauni. 
The effect of spray treatment was significant at 80 and lOOd. At 80 and lOOd 
there was significant increase in photosynthetic activity with cycocel spray treatments 
in comparison to control. The three concentrations (400, 600 and SOOppm cycocel) 
registered statistically equal values for photosynthetic rate at 100 and 120d, but differed 
with the value for 200ppm spray. Water sprayed plants showed minimum 
photosynthetic rate. The interaction effect was found to be non-significant (Table 22). 
4.1.2.3 Stomatal conductance 
Among cultivars Alankar, Pusa Barauni and PBM16 showed statistically equal 
values and RH30 recorded lowest values at all sampling stages (Table 23). 
All cycocel spray treatments were equally effective in increasing the stomatal 
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concentrations 400, 600 and SOOppm proved equally effective. The interaction effect 
was found to be non-significant (Table 23). 
4.1.2.4 Photosyntheticaiiy active radiation 
Cultivars responded significantly to photosyntheticaiiy active radiation (PAR) at 
80 and lOOd. PAR was maximum for Alankar at 80 and lOOd, which significantly 
differed from other values. Lowest PAR was found for Pusa Barauni and the value was 
at par with that for RH30 at 80d, but the lowest value for Pusa Barauni differed 
significantly fi-om other values at lOOd. The spray effect was significant fi-om lOOd 
onwards. It was found that the PAR decreased with increasing levels of cycocel at both 
stages. The interaction effect was not found significant (Table 24). 
4.1.2.5 Photosynthetic water use efficiency 
Among cultivars Alankar, PBM16 and Pusa Barauni registered at par values at 
80d, however, at lOOd Alankar, PBM16 and RH30 showed statistically equal values. At 
120d, PBM16 registered significantly maximum value (Table 25). 
Cycocel concentration of 400ppm recorded maximum value at all stages, but the 
value was at par with that for 600 and SOOppm at 80d. At 100 and 120d, the value for 
400ppm was significantly higher than other values (Table 25). The interaction effect 
was found to be non-significant. 
4.1.3 Biochemical parameters 
Biochemical parameters studied at 80, 100 and 120d included nitrogen, 
phosphorus and potassium concentration and their uptake (Tables 26-31). 
4.1.3.1 N, P and K concentrations of plants 
4.1.3.1.1 Nitrogen 
Among different cultivars, the values for Alankar, PBM16 and Pusa Barauni 
at 80 and 120d showed highest values and were at par among themselves while at lOOd, 
PBM16 registered significantly highest value (Table 26). 
Cycocel treatment produced significant effect at 100 and i20d only. 400ppm 
cycocel treatment registered significantly highest values at both stages, but at lOOd the 
value for 600ppm was also at par with 400ppm cycocel concentration (Table 26). The 
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Phosphoms concentration was maximum in PBM16, Alankar and Pusa Barauni, 
the values for these being at par at all sampling stages. RH30 registered minimum 
values at these stages (Table 27). 
Cycocel spray was significant only at 100 and 120d. At both these stages 
400ppm recorded significantly highest value but 600ppm treatment also showed 
statistically equal values (Table 27). The interaction effect was found to be non-
significant. 
4.1.3.1.3 Potassium 
At 80d, Alankar, the value for which was at par wdth PBM16 and Pusa Barauni, 
showed the highest potassium concentration while at lOOd, PBM16 registered 
significantly highest value. At 120d, Pusa Barauni and Alankar showed statistically 
equal values and at all stages RH30 proved poorest (Table 28). 
Cycocel treatment effect was significant only at 100 and 120d. at both these 
stages 400ppm cycocel was significantly superior to other treatments. However, the 
value for 600ppm was also at par with that for 400ppm at lOOd (Table 28). The 
interaction effect was found to be non-significant. 
4.1.3.2 N, P and K uptake of plants 
4.1.3.2.1 Nitrogen 
Among cultivars, Alankar registered significantly highest value at all the 
sampling stages. At 80d, PBM16 was at par with Alankar. RH30 showed lowest value 
(Table 29), 
Spray treatment effect was found significant only at 100 and 120d. At both 
these stages 400ppm cycocel recorded the highest value which differed significantly 
from other values (Table 29). The interaction effect was found to be non-significant. 
4.1.3.2.2 Phosphorus 
Among cultivars Alankar and PBM16 showed at par values at 80 and 120d, but 
at 80d the value recorded for Alankar significantly differed fi^om each values. RH30 
was poorest in performance (Table 30). 
The effect of spray treatment was found significant only at 100 and 120d. At 
both these stages, 400ppm cycocel treatment recorded significantly highest values 
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interaction of Alankar x 400ppm cycocel registered maximum values at these stages, 
which differed significantly from other values (Table 30). 
4.1.3.2.3 Potassium 
Among cultivars Alankar and PBM16 registered statistically equal values at 80 
and lOOd, but at 120d, Alankar recorded significantly maximum value. RH30 at these 
stages was poorest in performance (Table 31). 
Spray treatments of cycocel at 400ppm concentration registered significantly 
highest value at 100 and 120d (Table 31). The interaction effect was found significant 
only at lOOd. At this stage Alankar with 400ppm gave maximum value, which was at 
par with that for Alankar and 600ppm (Table 31). 
4.1.4 Yield parameters 
Yield parameters (pod number per plant, seed number per pod, 1000 seed 
weight, seed yield, biological yield and seed yield merit were studied at harvest (Table 
32-34). 
4.1.4.1 Pod number per plant 
Among cultivars maximum number of pods was found in Alankar. The value 
for Pusa Barauni was at par with RH30 but significantly inferior to PBM16 variety. 
Among different concentration of cycocel except 200ppm, all concentrations 
exhibited statistically equal number of pods. Water sprayed control registered minimum 
pods. The interaction effect was found to be non-significant (Table 32). 
4.1.4.2 Seed number per pod 
There was no difference in seed number among cultivars but spraying cycocel at 
higher concentrations i.e. 600 and SOOppm significantly reduced the number of seeds in 
comparison to other treatments. Water, 200 and 400ppm cycocel spray resulted in 
statistically equal and maximum values. The interaction was non-significant (Table 32). 
4.1.4.3 1000 seed weight 
There was no significant difference in 1000 seed weight among the cultivars but 
spraying cycocel at 600ppm and SOOppm significantly reduced the 1000 seed weight in 
comparison to other treatments. Maximum value was noted for water spray which was 
at par with that for 200 and 400ppm cycocel spray. The interaction effect was found to 







, — V 
































• t - t 



















































































































































































































































































•* — c/3 








































































































































































































































































1 — < 
ON 
NO 

























































































tZl T t OT! 
: ^ ' • : ; ^ 
C/D NO 1/3 
;5 °°- z 





































































4.1.4.4 Seed yield 
Cultivar Alankar had significantly higher s-jed yield than Pusa Barauni and 
RH30 but was at par with PBM16. There was no significant difference among cultivars 
Pusa Barauni, PBM16 and RH30. Cycocel at 400ppm was found to give highest value 
and was significantly superior to other concentrations but was at par with 600ppm 
treatment. The interaction effect was found to be non-significant (Table 33). 
4.1.4.5 Biological yield 
Maximum biological yield was found for Alankar and minimum for Pusa 
Barauni. These values differed critically from other values. Cultivar RH30 was superior 
to Pusa Barauni and significantly inferior to PBM16. 
Among different concentrations of cycocel maximum and at par values were 
recorded for 200 and 400ppm. These were significantly superior to all other values for 
other treatments. The interaction effect was found to be non-significant (Table 33). 
4.1.4.6 Harvest index 
Harvest index was significant only for spray treatment. Spray treatments 400, 
600 and SOOppm were equal in effect and were significantly superior to 200ppm and 
water spray treatments. The interaction effect was found to be non-significant (Table 
33). 
4.1.4.7 Seed yield merit 
Maximum seed yield merit was recorded in cultivar Alankar. The value for 
Alankar critically differed from other values for other cultivars. The lowest value was 
shown by Pusa Barauni. 
Cycocel spray at 400ppm registered significantly highest value and control 
registered lowest value. 
Regarding interaction effect, the combination Alankar x 400ppm gave 
maximum value, which differed with those for other values obtained for other 
combinations (Table 34). 
4.1.5 Quality parameters 
Yield quality parameters like oil content, oil yield, acid value, iodine value and 
saponification value were studied (Tables 34-35). 
4.1.5.1 Oil content 
Oil content showed non-significant difference among cultivars, spray treatments 
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4.1.5.2 Oil yield 
Cultivar Alankar had significantly higher oil yield than Pusa Barauni and RH30 
but at par value with PBM16. 
Cycocel spray of 400ppm was found to have highest value for oil yield and was 
significantly superior to other lower concentrations but at par with 600ppm treatment. 
The interaction effect was found to be significant. The interaction Alankar x 400ppm 
gave maximum value which was at par with that for Alankar x 200ppm (Table 34). 
4.1.5.3 Acid value 
No significant difference was found in acid value among cultivars, spray 
treatments and of their interaction (Table 35). 
4.1.5.4 Iodine value 
The effect of spray treatments, difference among cultivars and of their 
interaction was found to be non-significant (Table 35). 
4.1.5.5 Saponification value 
Saponification value showed non-significant difference among cultivars, spray 
treatments and of their interaction (Table 35). 
4.2 Experiment 2 
4.2.1 Growth parameters 
Growth parameters studied at 80, 100 and 120d after sowing included plant 
length, leaf number, leaf area, specific leaf area, specific leaf weight, dry mass and per 
cent dry mass distribution in stem, leaf and pod, total plant dry mass, crop growth rate, 
relative growth rate and net assimilation rate (Tables 36-50). 
4.2.1.1 Plant length 
Out of four cultivars studied, Pusa Barauni was longer than all other cultivars at 
all sampling stages, and the values obtained at all sampling stages were critically 
different from other values, RH30 had lowest value, while Alankar was significantly 
superior to PBM16 at 80 and lOOd whereas the values were at par with that for 120d 
(Tables 36). 
Among different ethrel spray treatments, the effect was significant from lOOd 
onwards. With increasing ethrel concentration there was reduction in plant length. 
Concentrations 600 and SOOppm gave at par values with each other. 
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4.2.1.2 Leaf number per plant 
Among different cultivars, Pusa Barauni, RH30 and Alankar recorded leaf 
number which were at par with one another at 80 and 120d and were significantly 
superior to PBM16. At lOOd significantly highest and lowest leaf number were found in 
Pusa Barauni and PBM16 respectively (Table 37). 
The leaf number reduced with increasing concentration of ethrel spray from 
lOOd onwards. Treatments 600 and SOOppm gave at par values, which were inferior to 
the other values for other concentration of spray treatments. 
The interaction effect was found to be significant. At 80d, Alankar x SOOppm 
ethrel concentration showed highest value, which was at par with Alankar x 400ppm 
(Table 37). 
4.2.1.3 Leaf area per plant 
In general maximum leaf area was found in cultivar Alankar at all samplings, 
and the values were higher in comparison to the values noted for other cultivars. 
Significantly lowest value for leaf area was found in Pusa Barauni at 100 and 120d 
while at 80d it was at par with that for PBM16 (Table 38). 
The effect of spray treatment was significant from lOOd onwards. The leaf area 
decreased with increasing concentration of ethrel. At lOOd, concentrations 600 and 
SOOppm were at par, whereas at 120d, 600ppm was superior to SOOppm. Significantly 
highest value was found in control at both stages (Table 38). 
The interaction effect was found to be non-significant. 
4.2.1.4 Specific leaf area 
Comparing different cultivars specific leaf area was found significant only at 
80d. It was found that PBM16 had significantly highest value followed by Alankar and 
RH30, which were at par among themselves. Significant lowest value was found for 
Pusa Barauni (Table 39). 
For ethrel spray concentrations this parameter was found to be affected 
significantly at 100 and 120d. At both the stages maximum specific leaf area was found 
in control treatment. At lOOd, 200 and 400ppm treatments were statistically equal to 
each other but were significantly superior to higher concentrations. At final stage 
among ethrel concentrations, 200ppm was significantly superior to all the three higher 
concentrations but inferior to control treatment. 
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4.2.1.5 Specific leaf mass 
Values for specific leaf mass at 80d were at par with those recorded for Pusa 
Barauni, RH30 and Alankar, while PBM16 had lowest value. At lOOd maximum 
specific leaf weight was noted in Alankar. The value for Alankar was statistically equal 
with values for PBM16 and RH30. Significantly lowest value was recorded for Pusa 
Barauni. At 120d, maximum specific leaf weight was noted in RH30, the value being at 
par with Pusa Barauni followed by Alankar. The lowest value was noted for PBM16 
(Table 40). 
At 80d, all concentrations of ethrel were equally effective, while the lowest 
value was found in the control treatment. At lOOd, the specific leaf weight increased 
with increase in ethrel concentration upto 600ppm while SOOppm was found inhibitory 
and reduced specific leaf mass. At 120d, all concentrations and distilled water spray 
proved equally effective. 
The interaction effect was found to be significant. At lOOd, PBM16 at 600ppm 
ethrel concentration showed the highest value, while at 120d the lowest value was 
found with PBM16 at SOOppm which was at par with the control of the same cultivar 
(Table 40). 
4.2.1.6 Dry mass of different plant parts 
4.2.1.6.1 Leaf dry mass 
Comparing the four cultivars for leaf dry mass at 80d, Alankar recorded 
maximum leaf dry mass, the value of which was at par with that for PBM16. Minimum 
value was recorded for RH30 At lOOd, significantly maximum leaf mass was found in 
PBM16 followed by RH30 and Alankar, which were statistically equal in values. Pusa 
Barauni showed the lowest value. At 120d, the maximum value for PBM16 was at par 
with that for Alankar and minimum value was recorded for RH30 (Table 41). 
Among ethrel spray treatments at 100 and 120d, 200 and 400ppm 
concentrations being at par in effect gave maximum value. Higher concentration 
(SOOppm) recorded minimum value. 
The interaction effect was found to be non-significant (Table 41). 
4.2.1.6.2 Stem dry mass 
The response of cultivars towards stem dry mass was significant from lOOd 
onwards. At lOOd, Alankar registered significantly highest value but at 120d the values 
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Regarding spray treatments, control, 200 and 400ppm registered values, which 
were statistically equal and maximum at 100 and 120d. Maximum values at these 
stages were recorded for SOOppm spray treatment (Table 42). 
The interaction effect was found to be non-significant. 
4.2.1,6.3 Pod dry mass 
At all stages of sampling, pod dry mass was significantly higher in Alankar. At 
80 and lOOd lowest pod dry mass was found in PBM16 whereas at 120d, Pusa Barauni 
cultivar had lowest value (Table 43). 
Significantly highest value for pod dry mass was found with 200ppm ethrel 
treatment at 80, 100 and 120d. Further increase in ethrel concentration reduced pod dry 
mass. 
The interaction effect was found to be significant at 100 and 120d. At 100 and 
120d pod dry mass was significantly highest in 200ppm ethrel concentration in 
Alankar, while lowest value at 120d was found for Pusa Barauni at 600ppm ethrel 
concentration which was at par with control treatment of the same cultivar (table 43). 
4.2.1.7 Plant dry mass 
Among different cultivars maximum values were recorded for Alankar at 80, 
100 and 120d. However, at 100 and 120d, the values for Alankar and PBM16 were 
statistically equal. PBM16 at 80d and Pusa Barauni at 100 and 120d registered 
minimum values (Table 44). 
The concentration effect of ethrel spray was significant from lOOd onwards. At 
100 and 120d, maximum plant dry mass was found with 200ppm ethrel treatment, but it 
was equal with both for 0 and 400ppm. 
The interaction effect was found to be non-significant (Table 44). 
4.2.1.8 Per cent distribution of dry mass 
4.2.1.8.1 Leaf 
At all sampling stages cultivar PBM16 had more distribution of dry mass 
towards leaf The value was significantly different from others at 80d, but at lOOd Pusa 
Barauni and RH30 also equaled PBM16. At 120d Pusa Barauni and Alankar were also 
equally good in dry mass distribution towards leaf 
No significant difference among different spray treatments of ethrel 
concentration was found for per cent distribution of dry mass towards leaf 
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The difference among cultivars in per cent stem dry mass was significant only 
at 80 and 120d. At 80d, Pusa Barauni, PBM16 and RH30 showed statistically equal and 
maximum per cent dry mass. At 120d, Pusa Barauni and RH30 recorded equal and 
maximum values (Table 46). 
The spray treatments of ethrel could not bring any significant difference among 
cultivars in per cent distribution of stem dry mass. 
The interaction effect was also found to be non-significant (Table 46). 
4.2.1.8.3 Pod 
At all sampling stages Alankar registered maximum value for per cent dry mass 
distribution towards pods. The values at all stages were significantly different from 
other values (Table 47). 
The effect of spray treatment was significant at 100 and 120d. At 100 and 120d 
significantly highest per cent pod dry mass was found in 200ppm ethrel spray. Spray of 
water registered minimum value. 
The interaction effect was found to be significant at 100 and 120d. Cultivar 
Alankar x 200ppm ethrel treatment showed the highest value at 100 and 120d, but at 
lOOd the value was at par with that for RH30 x 200ppm and at 120d PBM16 and RH30 
at 200ppm also showed equal values to the maximi-m value (Table 47). 
4.2.1.9 Crop growth rate 
Among cultivars maximum crop growth rate (CGR) was found in PBM16 at 80-
lOOd interval followed by RH30 and Alankar which were at par among themselves but 
were significantly superior to Pusa Barauni. During 100-120d highest and lowest values 
for crop growth rate were found in PBM16 and Alankar respectively. At the same 
period, RH30 had significantly higher value than Pusa Barauni which was at par with 
Alankar (Table 48). 
Ethrel spray treatment at 80-lOOd was significant and maximum CGR was 
found in 200ppm ethrel treatment, which was followed by 400ppm and control, 
whereas at 100-120d period maximum value was with 200ppm spray but the order of 
the other treatment changed as 400>600>0>800ppm treatments. 
Regarding interaction effect at 80-lOOd period, maximum value was found in 
RH30 X 200ppm ethrel. The value for this interaction was at par with other treatments 
including Alankar X 200ppm. At 100-120d period significant highest value was found 
s: 
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in PBM16 X 600ppm interaction and the lowest value was found in Pusa Barauni x 
SOOppm (Table 49). 
4.2.1.10 Relative growth rate 
Among the cultivars, relative growth rate (RGR) was significantly higher in 
PBM16 at 80-100 and 100-120d intervals. At these stages the order of performance of 
cultivars was PBM16>RH30>Alankar>Pusa Barauni (Table 49). 
Ethrel spray at 200ppm concentration registered maximum values at 80-100 and 
100-120d intervals. Moreover, at 80-lOOd, the values for 200 and 400ppm and at 100-
120d, for 200, 400 and 600ppm proved statistically equal. Highest concentration of 
ethrel proved inhibitory. 
Among interactions, highest value was found in RH30 for 200ppm treatment at 
80-lOOd and was at par with PBM16 at 0, 200 and 400ppm treatments and Alankar x 
400ppm treatment. At 100-120d significant highest value was found in PBM16 at 
600ppm ethrel spray, while the lowest value was found in 800ppm ethrel x Alankar 
(Table 49), 
4.2.1.11 Net assimilation rate 
Maximum value for net assimilation rate (NAR) was registered with PBM16 at 
both intervals, which was at par with RH30 at 80-lOOd, while at 100-120d, the value 
for PBM16 was significantly different fi'om others. Pusa Barauni showed minimum 
value at these stages. 
The spray treatment significantly affected NAR at 80-lOOd, where 200ppm and 
400ppm being at par registered maximum value. Highest dose of ethrel (800ppm) 
registered minimum value (Table 50). 
interaction effect of cultivar and spray was significant and it was found that at 
80-1 OOd maximum value was in RH30 x 200ppm, which was at par with Pusa Barauni 
x 200ppm, PBM16 x 0, 200 and 400ppm, RH30 at 400 and 600ppm and to cultivar 
Alankar at 400ppm concentration of ethrel spray. At 100-120d significantly highest 
value was found with cuhivar PBM16 x 600ppm ethrel treatment (Table 50). 
4.2.2 Photosynthetic parameters 
Physiological parameters studied at 80, 100 and 120d after sowing included 
chlorophyll content, net photosynthepc^.j;4te^.st0inattal conductance, photosynthetic 
active radiation and photosynthetic^afi^'^se eflRciency (Table^ 51-55). 
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4.2.2.1 Chlorophyll content 
Alankar and RH30 cultivars had maximum and at par values for chlorophyll 
content. Pusa Barauni was significantly superior to PBM16, which had lowest value at 
80d. At lOOd, the values for all cultivars were statistically equal. But at 120d maximum 
chlorophyll content was noted for Pusa Barauni followed by Alankar, RH30 and 
PBM16 in the decreasing order (Table 51). 
Significant difference in chlorophyll content was found fi^om SOd onwards due 
to ethrel spray. At 80 and lOOd, chlorophyll concentration increased with increasing 
level of ethrel concentration, but at 120d, the concentrations of ethrel were at par and 
significantly different from control. 
The interaction effect was significant for 100 and 120d. It was found that higher 
concentration (SOOppm) for all cultivars proved equally effective. At 600ppm except 
for RH30, all cultivars showed equal values. Pusa Barauni x 400ppm and PBM16 x 
400ppm also proved equally effective. At 120d, Pusa Barauni registered maximum 
value for all the concentrations used (Table 51). 
4.2.2.2 Net photosynthetic rate 
Net photosynthetic activity was maximum in Alankar at all the three stages. 
However, the value for Alankar was statistically equal v^th those for Pusa Barauni and 
PBM16 at SOd and with that for PBM16 at 120d. At lOOd the value significantly 
differed with other values (Table 52). 
Ethrel spray at 200ppm registered maximum values at 80, 100 and 120d. The 
values for 200ppm and 400ppm were at par at SOd and lOOd. At 120d, the three 
concentrations 200, 400 and 600ppm gave statistically equal values. 
The interaction effect at all stages was non-significant (Table 52). 
4.2.2.3 Stomatal conductance 
Stomatal conductance for Alankar, PBM16 and Pusa Barauni was equal, 
registering at par values and RH30 recorded minimum value at 80 and lOOd, but at 
120d the values for cuhivars were statistically equal (Table 53). 
Regarding ethrel spray treatment, all concentrations proved equally effective 
and distilled water spray recorded lowest value at all the three growth stages. The 
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4.2.2.4 Photosynthetically active radiation 
Cultivars showed significant effect at 80 and lOOd. Photosynthetically active 
radiation (PAR) was maximum in Alankar at 80d and lOOd and the values were 
critically different from others (Table 54). 
Spray treatment was significant at 100 and 120d. At both stages the PAR value 
decreased with increasing levels of ethrel concentration. Thus at these stages distilled 
water spray registered maximum values. 
The interaction effect was found to be non-significant (Table 54). 
4.2.2.5 Photosynthetic water use efiiciency 
Alankar, PBM16 and RH30 showed statistically equal values for this trait at 80 
and lOOd. However, at 120d, Alankar gave maximum value which was equalled by 
PBM16 only and RH30 showed lowest value (Table 55). 
Ethrel at 200ppm concentration gave maximum value, which was significantly 
different from other values at all sampling stages. Highest concentration (800ppm) 
proved inhibitory. 
The interaction effect was non-significant (Table 55). 
4.2.3 Biochemical parameters 
Bicchemical parameters studied at 80, 100 and 120d included concentration and 
uptake of nitrogen, phosphorus and potassium (Table 56-61). 
4.2.3.1 N, P and K concentrations of plant 
4.2.3.1.1 Nitrogen 
Nitrogen concentration was maximum in cultivars Pusa Barauni, PBM16 and 
Alankar The values for the three cultivars were at par at 80, 100 and 120d. The lowest 
value was recorded with RH30 at these stages (Table 56). 
It was found that due to ethrel spray the nitrogen concentration increased and 
200ppm spray recorded maximum value. However, the value was at par with that for 
400ppm spray at 100 and 120d. At 80d, the effect was non-significant. 
Interaction effect was found to be non-significant (Table 56). 
4.2.3.1.2 Phosphorus 
Phosphorus concentration was minimum in RH30 at all the sampling stages. At 
the three stages the three cultivars Pusa Barauni, PBM16 and Alankar recorded 
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Among different ethrel treatments, phosphorus concentration was found to be 
maximum in SOOppm and the value was at par with that for 600ppm at both 100 and 
120d. The spray effect was non-significant at 80d. The interaction effect was found 
non-significant (Table 57). 
4.2.3.1.3 Potassium 
Cultivars Pusa Barauni, PBM16 and Alankar showed equal concentration of 
potassium at 80d. At 100 and 120d, significantly maximum values were noted for 
PBM16 and Pusa Barauni respectively. Minimum values at these stages were for RH30 
(Table 58). 
It was found that ethrel spray significantly affected potassium concentration at 
100 and 120d. At these stages spray of 800ppm registered maximum values, which 
became at par with that for 600ppm. The interaction effect was significant only at 120d, 
when Pusa Barauni x SOOppm and Pusa Barauni x 600ppm registered maximum values, 
which were at par with each other but different fi'om others (Table 58). 
4.2.3.2 N, P and K uptake of plant 
4.2.3.2.1 Nitrogen 
Among the cuhivars N uptake was maximum in Alankar at 80 and 120d. The 
value obtained significantly differed for others. But at lOOd, PBM16 registered 
maximum value and Alankar followed this. At all stages RH30 showed lowest value 
(Table 59), 
Among different ethrel treatments the N uptake was significantly maximum at 
200ppm ethrel spray at 100 and 120d. At 80d the effect was non-significant. Higher 
concentrations of ethrel spray showed detrimental effect. 
The interaction effect was found to be non-significant (Table 59). 
4.2.3.2.2 Phosphorus 
Among cultivars, Alankar and PBM16 registered significantly highest value at 
sod and at 1 OOd respectively. At 120d the values for both these cultivars were at par 
and were significantly superior to other two cultivars. Significantly minimum value was 
found in RH30 (Table 60). 
The results on different ethrel concentrations as well as of the interaction 
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Alankar at 80d and PBM16 at 120d, recorded significantly maximum values. 
However, at 120d, Alankar and Pusa Barauni showed equal potassium uptake, the 
values being at par. Significantly lowest value was recorded fi^r RH30 at all sampling 
stages. 
The effect of ethrel spray and interaction of cultivar and ethrel was found to be 
non-significant (Table 60). 
4.2.4 Yield parameters 
Yield parameters studied at harvest (120d) included pod number per plant, seed 
number per pod, 1000-seed weight, seed yield, biological yield, harvest index and seed 
yield merit (Tables 62-64). 
4.2.4.1 Pod number per plant 
Among cultivars maximum number of pods per plant was found in Alankar. 
The value obtained for Alankar was at par with that for PBM16. Pusa Barauni recorded 
minimum number of pods. However, the number of pods were statistically equal with 
that for RH30 (Table 62). 
Ethrel spray treatment at 200ppm registered significantly maximum number of 
pods. Higher concentrations proved inhibitory. 
Interaction effect was found to be non-significant (Table 62). 
4.2.4.2 Seed number per pod 
There was no significant difference in seed number per pod among cultivars 
(Table 62) 
Highest number of seeds per pod was found with 200ppm ethrel treatment 
which critically differed from others. 
The interaction effect was found to be non-significant (Table 62). 
4.2.4.3 1000-seed weight 
Cultivars Alankar, Pusa Barauni and PBM16 showed equal 1000-seed weight 
and RH30 significantly lowest seed weight. 
Ethrel spray enhanced seed weight. 200ppm concentration produced maximum 
value, which was at par with those for 400 and 600ppm. Higher concentration 
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The interaction of Alankar x 200ppni produced maximum effect. The value was 
at par with those for 200ppm with PBM16 and RH30 and PBM16 x 400ppm and 
Alankar x 400ppm (Table 62). 
4.2.4.4 Seed yield 
Maximum value for seed yield was recorded for Alankar, which was 
statistically equal with that for PBM16. Pusa Barauni registered minimum seed yield 
(Table 63). 
Among the spray treatments, highest value was found with 200ppm. The values 
for 200ppm and 400ppm were statistically equal. Highest dose of ethrel treatment 
registered lowest value and the effect was inhibitory. 
The interaction effect was found to be non-significant (Table 63). 
4.2.4.5 Biological yield 
Significant maximum biological yield was found in Alankar and minimum in 
Pusa Barauni cultivars. RH30 was superior to Pusa Barauni but significantly inferior to 
PBM16 (Table 63). 
Maximum biological yield was found in 200ppm ethrel treatment, the value of 
which was at par with those for 400 and 600ppm spray treatment. Highest 
concentration of ethrel showed inhibitory effect, but the values were at par with that for 
control. 
The interaction effect was significant. Cultivar Alankar with 200ppm ethrel 
concentration registered highest value, which was at par with many other interactions 
including 200 and 400ppm with PBM16 and RH30 cultivars, and 400 and 600ppm with 
cultivar Alankar (Table 63). 
4.2.4.6 Harvest index 
Alankar showed highest value for harvest index. However, the value was at par 
with that for PBM16. Minimum value was recorded for Pusa Barauni (Table 63). 
Significantly highest harvest index was found in 200ppm ethrel treatment. 
Minimum value was found for control. 
The interaction effect was significant and it was found that cultivar Alankar at 
200ppm showed highest value. The value recorded for this interaction was statistically 
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4.2.4.7 Seed yield merit 
Seed yield merit, a product of seed yield and harvest index, was significantly 
maximum in Alankar. The value for Alankar critically differed fi-om any other value 
recorded for any cultivar. 
Among concentrations of ethrel, 200ppm registered maximum value, which 
significantly differed with others. 
The interaction effect for Alankar x 200ppm gave maximum value and the value 
was at par with that for PBM16 x 200ppm. Higher concentrations of ethrel (SOOppm) 
sprayed on any cultivar showed inhibitory or at par value with that for control (Table 
64). 
4.2.5 Quality parameters 
Quality parameters like oil content, oil yield, acid value, iodine value and 
saponification value were studied (Tables 64-65). 
4.2.5.1 Oil content 
Oil content did not register any significant difference among cuhivars, spray 
treatments as well as of their interaction (Table 64). 
4.2.5.2 Oil yield 
Cultivar Alankar registered significantly highest oil yield as compared to Pusa 
Barauni, RH30 and PBM16 cuhivars. There was no significant difference in values for 
oil yield between cultivars PBM16 and RH30. Cultivar Pusa Barauni showed lowest 
value (Table 64). 
200ppm ethrel spray concentration was found to have highest value and was 
significantly superior to other concentrations and control. 400 and 600ppm ethrel 
concentration were at par with each other but superior to SOOppm and inferior to control 
treatment. 
The interaction effect was found to be non-significant (Table 64). 
4.2.5.3 Acid value 
Acid value did not show any significant difference among cultivars, ethrel spray 
concentrations and of their interaction (Table 65), 
4.2.5.4 Iodine value 
Iodine value was found non-significant for cuhivars, ethrel spray concentrations 
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4.2.5.5 Saponification value 
The cultivars showed equal values for this trait. Ethrel spray effect and the 
interaction effect of cultivar and spray treatment were not significant (Table 65). 
4.3 Experiment 3 
4.3.1 Growth parameters 
Growth parameters studied at 80, 100 and 120d, included plant length, leaf 
number per plant, leaf area per plant, specific leaf area, specific leaf mass, dry mass and 
per cent dry mass distribution in stem, leaf and pod, total plant dry mass, crop growth 
rate, relative growth rate and net assimilation rate (Tables 66-80). 
4.3.1.1 Plant length 
Application of nitrogen upto 60kg/ha increased plant length and the value was 
significantly superior to all other treatments but was at par with 80kg/ha at 80 and lOOd 
(Table 66). 
Cycocel spray reduced the plant length at 100 and 120d. There was maximum 
reduction in plant length with 600ppm cycocel concentration as compared to control, 
followed by 400 and 200ppm cycocel treatment (Table 66). The value for 0 and 
200ppm cycocel proved statistically equal at lOOd. 
The interaction effect was found to be non-significant at all sampling stages 
(Table 66). 
4.3.1.2 Leaf number per plant 
At 80 and 1 OOd the leaf number was maximum in 60kg N/ha treatment, which 
gave at par value with that for 80kg N/ha. At 120d significant maximum value was 
found in 80kg N/ha treatment. At all stages significant lowest value was found in 0kg 
N/ha (Table 67). 
The cycocel spray effect was significant from lOOd onwards and there was 
significant decrease as the cycocel concentration increased (Table 67). The interaction 
effect was found to be non-significant (Table 67). 
4.3.1.3 Leaf area per plant 
At 80 and 1 OOd, the leaf area was maximum in 60kg N/ha treatment, which 
gave at par value with that for 80kg N/ha but superior to 40kg N/ha treatment. At 120d 
significant maximum value for leaf area was found in 80kg N/ha treatment. At all 
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The cycocel spray effect was significant from lOOd onwards. At both 100 and 
120d, there was significant decrease in leaf area as cycocel concentration increased. 
The lowest value for leaf area was found in 600ppm cycocel treatment (Table 68). 
The interaction effect was found to be non-significant (Table 68). 
4.3.1.4 Specific leaf area 
Comparing different nitrogen treatments, specific leaf area at 80 and lOOd was 
at par for 80kg N/ha and control but significantly higher than 40 and 60kg N/ha 
treatments, while at 120d, 60kg N/ha registered significantly highest value (Table 69). 
Cycocel spray was significant from lOOd onwards. At both 100 and 120d, 
control treatment recorded significantly highest value followed by 200ppm cycocel 
treatment (Table 69). 
The interaction effect was found to be non-significant (Table 69). 
4.3.1.5 Specific leaf mass 
At 80 and lOOd, 60 and 40kg N/ha registered equal values for specific leaf 
mass, which was maximum, while at 120d, 60kg N/ha registered significantly lowest 
specific leaf mass while other treatments were at par with one another (Table 70). 
Cycocel spray effect was significant from lOOd onwards. At lOOd, all the 
cycocel treatments were at par but significantly superior to control while at 120d, 
400ppm cycocel concentration was at par with 600ppm concentration but superior to 
200ppm and control (Table 70), The interaction effect was found to be non-significant. 
4.3.1.6 Dry mass of different plant parts 
4.3.1.6.1 Leaf dry mass 
Significantly maximum leaf dry mass was found in 60kg N/ha treatment at 80 
and lOOd, whereas at 120d, 80kg N/ha had maximum value. Significantly lowest value 
was found in 0kg N/ha treatment (Table 71). 
Among the spray treatments, 400ppm gave significantly highest value at 100 
and 120d while values for 200 and 600ppm treatments were at par with each other 
(Table 71). 
The interaction effect was found to be significant at 120d. The highest value 
was recorded for 400ppm cycocel concentration with 60kg N/ha (Table 71). 
4.3.1.6.2 Stem dry mass 
At all sampling stages maximum dry mass of stem was found in 60kg N/ha 
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In general, cycocel spray decreased the stem dry mass. At 100 and 120d, 400 
and 200ppm concentrations were at par with each other but significantly superior to 
600ppm concentration. Control treatment had significantly highest values (Table 72). 
The interaction effect was found to be non-significant (Table 72). 
4,3.1.6.3 Pod dry mass 
At 80 and lOOd significant maximum pod dry mass was found in 80kg N/ha 
treatment, whereas at 120d, 60kg N/ha treatment \vhich was at par with 80kg N/ha had 
highest value. Significant lowest value was found in Okg N/ha treatment (Table 73). 
The spray of cycocel at 400ppm concentration had significantly highest value at 
120d, while at lOOd, all the three cycocel concentrations were at par with one another 
(Table 73). The interaction effect was found to be non-sigiuficant. 
4.3.1.7 Plant dry mass 
This parameter was significant only for different levels of applied nitrogen. At 
all the three stages, both 60 and 80kg N/ha treatments gave at par values. The lowest 
value was recorded in Okg N/ha treatment (Table 74). 
Both cycocel as well as the interaction effect of nitrogen and cycocel was found 
to be non-significant (Table 74). 
4.3.1.8 Per cent distribution of dry mass 
4.3.1.8.1 Leaf 
Significant highest leaf per cent dry mass was found in 40kg N/ha treatment at 
all the three sampling stages. At 80 and 120d, 60 and 80kg N/ha treatments were at par 
with each other (Table 75). 
Spray concentrations of cycocel at 100 and 120d gave at par values with one 
another but significantly superior to control (Table 75). The interaction effect was 
found to be non-significant. 
4.3.1.8.2 Stem 
The effect of applied nitrogen on per cent distribution of stem dry mass was 
significant only at 120d. At this stage highest value was found in 60kg N/ha treatment 
which was at par with control but superior to 40 and 80kg N/ha treatments (Table 76). 
Spraying of cycocel in general reduced per cent stem dry mass from lOOd 
onwards. At 100 and 120d, 200 and 400ppm concentrations produced at par values but 
inferior to control. The lowest value was recorded in 600ppm concentration (Table 76). 
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Significant difference in per cent pod dry mass due to applied nitrogen was 
found at 80 and lOOd only. At both these stags significantly higher values were found 
in 80kg N/ha treatment (Table 77). 
Cycocel spray increased per cent distribution of dry mass towards pod. At 100 
and 120d, 400ppm treatment gave at par value with 200 and 600ppm concentrations 
(Table 77). The interaction was found to be non-significant. 
4.3.1.9 Crop growth rate 
Crop growth rate (CGR) was significantly affected by nitrogen application. At 
80-lOOd period maximum value for CGR was found with increasing levels of applied 
nitrogen whereas at 100-120d period 60kg N/ha had significantly highest value (Table 
78). 
Among cycocel treatments, 400ppm concentration had significantly highest 
value at both these stages (Table 78). 
The interaction effect was significant only at 80-lOOd period, when significantly 
highest value was found with application of 80kg N/ha and 400ppm cycocel 
concentration (Table 78). 
4.3.1.10 Relative growth rate 
At 80-1 OOd period significantly maximum value for relative growth rate (RGR) 
was found in 80kg N/ha. Treatments 40 and 60kg N/ha, which gave at par values with 
each other were found to be significantly superior to control treatment (Table 79). At 
100-120d period significantly highest value was found in 60kg N/ha treatment and 
lowest value at 40kg N/ha treatment (Table 79). 
Among cycocel treatments significant highest value was found in 400ppm 
treatment at both stages. However, at 80-1 OOd period, value for 400ppm concentration 
was at par with that for 200ppm concentration (Table 79). 
Regarding interaction effect at 80-1 OOd, 400ppm at 80kg N/ha treatment 
registered highest value whereas at 100-120d period maximum value was found in 
400ppm cycocel concentration with 60kg N/ha treatment, which was at par with that for 
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4.3.1.11 Net assimilation rate 
At 80-lOOd period significant maximum net assimilation rate (NAR) was found 
in 80kg N/ha. Treatments 40 and 60k;g N/ha which gave at par values with each other 
were found to be significantly superior to control. At 100-120d period significantly 
highest value was found in 60k:g N/ha and lowest value in 40kg N/ha treatment (Table 
80). 
Among cycocel treatment significantly highest value was found in 400ppm 
concentration at both stages (Table 80). 
The interaction effect was significant at both stages. At 80-lOOd period 400ppm 
at 80kg N/ha treatment combination had highest value whereas at 100-120d period 
maximum value was found in 400ppm concentration with 60kg N/ha treatment, which 
was at par with 80kg N/ha in combination with 400ppm cycocel concentration (Table 
80). 
4.3.2 Photosynthetic parameters 
Photosynthetic parameters studied at 80, 100 and 120 days after sowing 
included chlorophyll content, net photosynthetic rate, stomatal conductance, 
photosynthetic active radiation and photosynthetic water use efficiency (Table 81-85). 
4.3.2.1 Chlorophyll content 
Application of 60kg N/ha at 80d resulted in maximum value but was at par wath 
those for 40 and 80kg N/ha treatments. At lOOd, 60kg N/ha recorded highest value but 
was at par with that for 80kg N/ha treatment. While at 120d, 80kg N/ha resulted in 
significantly highest value (Table 81). 
From lOOd onwards, chlorophyll content increased with increasing levels of 
cycocel concentration. At lOOd, 400 and 600ppm concentrations recorded at par and 
maximum value, while at 120d, all the three cycocel concentrations were at par but 
superior to control (Table 81). 
The interaction effect was found to be non-significant (Table 81). 
4.3.2.2 Net photosynthetic rate 
Application of 60kg N/ha and 80kg N/ha resulted in at par values, which were 
maximum at all the three growth stages (Table 82). 
Among cycocel treatments 400 and 600ppm concentrations showed maximum 
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among themselves (Table 82). The interaction eflfect was found to be non-significant 
(Table 82). 
4.3.2.3 Stomatal conductance 
Application of nitrogen increased stomatal conductance, 60kg N/ha which gave 
statistically equal value with that for 80kg N/ha registered maximum value at all the 
three sampling stages. Control treatment recorded the lowest values (Table 83). 
The effect of cycocel spray and interaction eflfect of nitrogen and cycocel was 
not significant at any sampling stages (Table 83). 
4.3.2.4 Photosynthetically active radiation 
Except at 80d where 80kg N/ha gave significantly higher value for 
photosynthetically active radiation (PAR) to 60kg N/ha, the two treatments were equal 
in their eflfect. The value was significantly superior to 40kg N/ha and control treatments 
(Table 84). 
Cycocel spray reduced PAR values significantly fi-om lOOd onwards. At 100 
and 120d both 400 and 600ppm concentrations recorded at par values and had 
significantly lesser values as compared to 200ppm concentration and control (Table 
84). Interaction eflfect was found to be non-significant (Table 84). 
4.3.2.5 Photosynthetic water use efficiency 
The eflfect of 60kg N/ha, the value for which was statistically equal with that for 
80kg N/ha recorded maximum at 80 and 120d. While at lOOd, 60kg N/ha registered 
significantly highest value. The lowest value at all the sampling stages was found in 
control (Table 85). 
Cycocel spray treatment significantly affected this parameter at 80 and lOOd . 
Spray of 400ppm cycocel at 80d recorded significantly highest value, while at lOOd, 
400ppm the value for which was at par with that for 600ppm recorded highest value. At 
all stages control recorded minimum value (Table 85). The interaction effect was found 
to be non significant. 
4.3.3 Biochemical parameters 
Biochemical parameters studied at 80, 100 and 120d included nitrogen, 




















































































































*i o V) 
C 
« 
"^^  V) 










































































































































































































































































































































































































































































































































r- on on 



































































































- * - » 































































































• * * 
a 






































































































































































































c "S fi 
V u O 
S fei* w 
Z ^ ^ 
B 
rr NO 






































4.3.3.1 N, P and K concentrations of plants 
4.3.3.1.1 Nitrogen 
At 80d, 80kg N/ha gave significantly higher value whereas at 100 and 120d, the 
value given by 80kg N/ha was at par with that for 60kg N/ha treatment. At all stages 
significantly lowest value was found in 0kg N/ha treatment (Table 86). 
Cycocel spray treatment effect on nitrogen content was significant fi-om lOOd 
onwards. At 100 and 120d, highest value was recorded in 600ppm treatment which was 
at par with that for 400ppm concentration at both these stages. The lowest value was 
found in Oppm concentration (Table 86). 
The interaction effect was found to be non-significant (Table 86). 
4.3.3.1.2 Phosphorus 
At 80 and lOOd, control treatment gave value which was at par with that for 
40kg N/ha resulted in maximum value, while at 120d, 0kg N/ha treatment resulted in 
significantly highest value. Application of 60 and 80kg N/ha gave at par values, which 
were inferior to 0kg N/ha at all stages (Table 87). 
Application of cycocel increased the phosphorus concentration in plants fi-om 
lOOd onwards. At both 100 and 120d, 600ppm cycocel treatment was significantly 
superior to control. While 200ppm cycocel concentration which was at par with 
400ppm concentration was superior and inferior to 0 and 600ppm respectively (Table 
87). The interaction effect was found to be non-sigrjficant (Table 87). 
4.3.3.1.3 Potassium 
Potassium concentration decreased with increasing levels of nitrogen applied. 
At 80d, control treatment gave at par value with that for 40 and 80kg N/ha, while at 
lOOd, 40kg N/ha treatment proved equally effective with that of control. At 120d, 
control treatment registered significantly highest value. 60kg N/ha treatment resulted in 
lowest value at all the growth stages (Table 88). 
Application of cycocel increased the K concentration fi-om lOOd onwards. Both 
at 100 and 120d, 400ppm concentration giving at par value with 600ppm concentration 
recorded maximum value (Table 88). 
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4.3.3.2 N, P and K uptake of plants 
4.3.3.2.1 Nitrogen 
Nitrogen uptake increased with increasing levels of nitrogen applied. At all the 
three sampling stages, SOkg N/ha registered maximum values. However, at 120d, the 
value for SOkg N/ha was at par with that for 60kg N/ha treatment. The lowest values 
were recorded in 0kg N/ha at all samplings (Table 89). 
N uptake increased with cycocel application from lOOd onwards. At both 100 
and 120d, 400 and 600ppm concentrations recorded at par and highest values. 
Significant lowest value was recorded in Oppm treatment (Table 89). 
The interaction effect was found to be non-significant. 
4.3.3.2.2 Phosphorus 
At 80 and 120d, significant highest P uptake was found in 60kg N/ha treatment 
whereas at lOOd, SOkg N/ha treatment had significantly highest value. Significantly 
lowest value was found in 0kg N/ha treatment (Table 90). 
P uptake due to cycocel spray effect was significant from lOOd onwards. At 
both 100 and 120d, the values for 400 and 600ppm concentrations were at par and 
maximum (Table 90). 
The interaction effect was found to be significant at 100 and 120d. At lOOd, 
SOkg N/ha in association with 400ppm cycocel registered significantly maximum value, 
while at 120d 60kg N/ha x 400ppm cycocel treatment gave value, which was critically 
different from other values (Table 90). 
4.3.3.2.3 Potassium 
At 80 and 120d, highest K uptake was found in 60 and SOkg N/ha which gave at 
par values. At lOOd, 60kg N/ha treatment registered significantly highest value. 
Significant lowest value was found in 0kg N/ha treatment. 40kg N/ha treatment was 
significantly superior and inferior to 0 and 60kg N/ha treatments respectively (Table 
91). 
At all sampling stages, 400ppm cycocel treatment produced statistically equal 
value with that for 600ppm treatment. The value was maximum. At 100 and 120d, 
200ppm was significantly superior to control (Table 91). 
Interaction effect was significant only at lOOd. interaction of SOkg N/ha with 
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4.3.4 Yield parameters 
Yield parameters studied at harvest included pod number per plant, seed number 
per pod, 1000-seed weight, seed yield, biological yield, harvest index, seed yield merit, 
seed nitrogen content, nitrogen harvest index, nitrogen yield merit and merit of 
genotypes (Table 92-96). 
4.3.4.1 Pod number per plant 
Maximum pod number per plant was found in 60k:g N/ha treatment. The value 
obtained with 60k;g N/ha was at par with that for 80kg N/ha, but were significantly 
superior to 40Kg N/ha treatment. Significant lowest value was found in 0kg N/ha 
treatment (Table 92). 
Pod number per plant was at par for 400 and 600ppm cycocel treatment but 
were superior to 200 and Oppm cycocel concentration (Table 92). 
The interaction effect was found to be non-significant (Table 92). 
4.3.4.2 Seed number per pod 
No significant effect of nitrogen, cycocel and of their interaction was found on 
seed number per plant (Table 92). 
4.3.4.3 1000-seed weight 
1000-seed weight increased with increasing levels of nitrogen applied. Among 
nitrogen treatments, 60kg N/ha and 80kg N/ha gave equal values (Table 92). 
Values obtained for 400 and 200ppm cycocel concentrations were at par but 
significantly superior to 0 and 600ppm cycocel concentrations (Table 92). 
The interaction effect was found to be non-significant. 
4.3.4.4 Seed yield 
Maximum seed yield was found in 60kg N/ha treatment, which was at par with 
that for 80kg N/ha. The values were significantly superior to 40kg N/ha treatment. 
Significant lowest value was found in control (Table 93). 
Seed yield was significantly maximum in 400ppm cycocel concentration 
followed by 200ppm. Lowest seed yield was recorded in control (Table 93). 
The interaction effect was significant. Application of 60 or 80kg N/ha along 
with 400ppm cycocel proved best in comparison to any other combinations (Table 93). 
4.3.4.5 Biological yield 
Biological yield was maximum in 60kg N/ha treatment. The value for 60kg 
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Significantly maximum biological yield was recorded in 400ppm cycocel 
treatment. 200ppm cycocel treatment was superior to 0 and 600ppm concentration 
(Table 93). The interaction effect was found to be non-significant. 
4.3.4.6 Harvest index 
Harvest index was significant only due to cycocel spray and maximum value 
was found in 400ppm, which was at par with that for 200 and 600ppm but significantly 
superior to Oppm treatment. 
The interaction effect was found to be non-significant (Table 93). 
4.3.4.7 Seed yield merit 
Among different nitrogen treatments, 60kg N/ha and 80kg N/ha were equally 
effective, giving at par values. The value was higher than other values recorded for 
40kg N/ha or 0kg N/ha (Table 94). 
Spray of 400ppm recorded significantly maximum value. Spray of 200 and 
600ppm concentrations gave at par values which were significantly superior to control 
(Table 94). 
The interaction effect was found to be significant. The combination of 60 or 80 
kg N/ha with 200 or 400ppm registered equal and maximum value (Table 94). 
4.3.4.8 Seed nitrogen per plant 
Among different nitrogen levels, 60 and 80kg N/ha gave statistically equal and 
maximum value. Value for 40kg N/ha was inferior to higher nitrogen levels, but 
superior to control (Table 95). 
Value for 400ppm cycocel concentration was at par with that for 600ppm 
concentration and was maximum. The lowest value was found in control (Table 95). 
The interaction effect was significant. The values for 60 or 80kg N/ha with 400 
or 600ppm cycocel concentration proved best and were equal (Table 95). 
4.3.4.9 Nitrogen harvest index 
The effect of nitrogen cycocel as well as their interaction was found to be non-
significant (Table 95). 
4.3.4.10 Nitrogen yield merit 
Among different nitrogen treatments 80kg N/ha was at par with control but 
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Spray of 400ppm cycocel resulted in maximum value, which was at par with 
that for 600ppm concentration (Table 96). 
The interaction effect was found to be non-significant. 
4.3.4.11 Merit of genotype 
Among different nitrogen treatments, 60kg N/ha and 80kg N/ha proved equally 
effective and were superior to 40 or 0kg N/ha (Table 96). 
Among cycocel concentrations, 400ppm treatment registered significantly 
highest value. 600ppm concentration proved superior to 200ppm while the lowest value 
was recorded in control (Table 96). 
The interaction effect was found to be significant and 60kg N/ha x 400ppm 
registered maximum and at par value with that for 80kg N/ha x 400ppm. 
4.3.5 Quality parameters 
Quality parameters studied included oil content, oil yield, acid value, iodine 
value and saponification value (Tables 94, 97). 
4.3.5.1 Oil content 
Application of higher dose of nitrogen decrease the oil content, however, 40kg 
N/ha recorded significantly maximum oil content (Table 94). 
No significant effect of cycocel spray and interaction of cycocel and nitrogen 
was recorded (Table 94). 
4.3.5.2 Oil yield 
Maximum oil yield was found in 60kg N/ha treatment and the value for 60kg 
N/ha was at par with that for 80kg N/ha and was significantly superior to 40kg N/ha 
treatment. Significant lowest value was found inO kg N/ha treatment (Table 94). 
Oil yield with 400ppm cycocel concentration was significantly maximum while 
600 and 200ppm cycocel treatments were at par with each other but superior to control 
treatment. 
The interaction effect was significant and 60kg N/ha in combination with 
400ppm cycocel treatment showed highest value and was at par with that for 80kg N/ha 
with same concentration of cycocel (Table 94). 
4.3.5.3 Acid value 
This parameter was significant only due to nitrogen treatment. It was found that 
application of nitrogen upto 60kg N/ha significantly reduced the value but fiirther 





















































































































































































































































































































































































































Cycocel as well as the interactive effect of applied nitrogen and cycocel could 
not yield any significant difference among values (Table 97). 
4.3.5.4 Iodine value 
No significant effect of applied nitrogen as well as cycocel treatment was found 
on iodine value (Table 97). 
Interaction effect was also found to be non-significant. 
4.3.5.5 Saponiflcation value 
All rates of nitrogen proved equally effective but superior to control. At the rate 
of 40kg N/ha which was at par with 60kg N/ha and 80kg N/ha increased saponification 
value in comparison to control (Table 97). 
Cycocel treatment which were at par showed higher values as compared to 
control (Table 97). The interaction effect was found to be non-significant. 
4.4 Experiment 4 
4.4.1 Growth parameters 
Growth parameters studied at 80, 100 and 120 days after sowing included plant 
length, leaf number per plant, leaf area per plant, specific leaf area, specific leaf mass, 
dry mass and per cent dry mass distribution in stem, leaf and pod total plant dry mass, 
crop growth rate, relative growth rate and net assimilation rate (Tables 98-112). 
4.4.1.1 Plant length 
Application of nitrogen upto 60kg/ha increased the plant length and was 
significantly superior to all the other treatments. However, at 80d, value for 60kg N/ha 
was at par with 80kg N/ha treatment. The lowest value was found in the control 
treatment (Table 98). 
There was, in general, reduction in plant length due to ethrel spray. However, it 
was found that spraying ethrel at the rate of 200ppm did not reduce the plant length 
significantly in comparison to control plants. At 80 and 120d, values for 200ppm ethrel 
and control were at par, while at lOOd, 200, 400ppm and control treatments were 
equally effective. Concentration of 600ppm recorded lowest values at all stages (Table 
98). 
The interaction effect was found to be non-significant (Table 98). 
4.4.1.2 Leaf number per plant 
At all the sampling stages leaf number was maximum in 60kg N/ha treatment 
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control. At all stages significant lowest value was found in 0kg N/ha treatment (Table 
99). 
Ethrel treatment was found to be significant at 100 and 120d. At both these 
stages 200ppm concentration recorded value which was at par with that of control, but 
superior to 400 and 600ppm concentrations (Table 99). The interaction effect was 
found to be non-significant. 
4.4.1.3 Leaf area per plant 
Leaf area at all sampling stages was maximum in 80kg N/ha treatment. 
However, the value for 80kg N/ha was statistically equal with that of 60kg N/ha at 80 
and lOOd. But at 120d, 80kg N/ha gave significantly highest value. At all stages 
significant lowest value was found in 0kg N/ha (Table 100). 
All concentrations of ethrel were equally effective and produced higher leaf 
area than control at 80d. From lOOd onwards ethrel application reduced the leaf area 
and therefore, significant highest and lowest values were found in 0 and 600ppm 
respectively. Ethrel at 200ppm gave at par value with that for 400ppm at lOOd and was 
significantly superior to that for 400ppm at 120d. 
The interaction effect was found to be significant at 120d. At this stage highest 
leaf area was found in 80kg N/ha with control followed by 60kg N/ha x Oppm and 80kg 
N/ha x200ppm (Table 100). 
4.4. L4 Specific leaf area 
At 80 and lOOd, maximum values for specific leaf area was registered by 60kg 
N/ha which were statistically equal to 80kg N/ha values at both stages. While at 120d, 
60kg N/ha recorded significantly highest value (Table 101). 
It was found that at 80d, effect of ethrel was not significant but at 100 and 120d, 
the specific leaf area decreased with increasing levels of ethrel. At lOOd significantly 
highest value was found in control while values for 200, 400 and 600ppm 
concentrations were at par. At 120d also, control registered significantly highest value 
while 200ppm proved equally effective to 400ppm but superior to 600ppm 
concentration (Table 101). 
The interaction effect was found to be non-significant. 
4.4.1.5 Specific leaf mass 
At 80d, values for control, 40and 80kg N/ha were at par but significantly 
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at par but significantly superior to 80kg N/ha treatment. At 120d, 40kg N/ha registered 
significantly highest value (Table 102). 
With the increase in ethrel concentration, the specific leaf mass also increased 
accordingly fi-om lOOd onwards. At lOOd, 200, 400 and 600ppm concentrations 
registered at par values as compared to control, while at 120d, 400 and 600ppm 
concentrations being statistically equal recorded higher values as compared to 200ppm 
and control (Table 102). 
The interaction effect was found to be non-significant (Table 102). 
4.4.1.6 Dry mass of difTerent plant parts 
4.4.1.6.1 Leaf dry mass 
Maximum leaf dry mass was found in 80kg N/ha treatment at 80 and 120d 
whereas at lOOd, the value for 80kg N/ha was at par with that for 60kg N/ha treatment. 
Significant lowest value was found in 0kg N/ha treatment (Table 103). 
Ethrel spray was significant fi"om lOOd onwards. At 100 and 120d, both 200 and 
400ppm treatments recorded values, which were at par with each other but were 
significantly superior to 0 and 600ppm treatments (Table 103). 
The interaction effect was found to be non-significant. 
4.4.1.6.2 Stem dry mass 
Stem dry mass increased with increase in levels of applied nitrogen. At 80 and 
120d, 80kg N/ha which recorded maximum value was at par with that of 60kg N/ha. 
However at lOOd, 80kg N/ha registered significantly highest value (Table 104). 
Stem dry mass was significant at 120d for spray treatments, where values for 0, 
200 and 400ppm ethrel treatments were at par but superior to 600ppm treatment (Table 
104). 
1 he interaction effect was found to be non-significant. 
4.4.1.6.3 Pod dry mass 
At 80 and lOOd, significantly maximum pod dry mass was found in 80kg N/ha 
treatment, whereas at 120d, 60 and 80kg N/ha treatments produced statistically equal 
pod dry mass. Significant lowest value was found in 0kg N/ha treatment (Table 105). 
From lOOd onwards significantly highest pod dry mass was found in 200ppm 
ethrel concentration. Treatments 0 and 400ppm were at par in their effect but 
significantly superior to 600ppm ethrel treatment (Table 105). 
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4.4.1.7 Plant dry mass 
Plant dry mass was significantly affected by application of nitrogen at all 
sampling stages and by spray treatments at 100 and 120d. The interaction effect was 
not significant at all stages. Nitrogen at 80kg/ha produced dry mass, which was 
critically different with other values for other nitrogen levels at 80 and lOOd. At 120d, 
the value for 80kg N/ha and 60kg N/ha being at par were maximum. At all stages 
control gave lowest dry mass (Table 106). 
At 100 and 120d, 200ppm ethrel spray registered maximum value, which was at 
par with that for 400ppm ethrel treatment. Higher concentration gave lowest value 
(Table 106). 
The interaction effect was found to be non-significant. 
4.4.1.8 Per cent distribution of dry mass 
4.4.1.8.1 Leaf 
Application of nitrogen significantly affected per cent leaf dry mass from lOOd 
onwards. At lOOd, 40kg N/ha gave significantly maximum value and 80kg N/ha 
produced lowest value. At 120d, the values for 40 and 80kg N/ha were at par and these 
treatments produced maximum effect (Table 107). 
No significant effect of ethrel treatments on per cent distribution of leaf dry 
mass was found. The interaction effect was also found to be non-significant (Table 
107). 
4.4.1.8.2 Stem 
The effect of applied nitrogen on per cent distribution of stem dry mass was 
significant from lOOd onwards. At lOOd, 60kg N/ha registered values which were at par 
with 80kg N/ha and control but superior to 40kg N/ha while at 120d, 60kg N/ha 
treatment gave value which was at par with that for 80kg N/ha. The values were 
significantly superior to control (Table 108) 
Ethrel spray effect was significant only at lOOd. The spray at the rate of 200ppm 
concentration significantly reduced the stem per cent dry mass. Values for 0 and 
600ppm treatments were at par with each other, but superior to 400ppm treatment. At 
all other stages there was no significant difference in per cent distribution of stem dry 
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Significant effect in per cent pod dry mass due to nitrogen application was 
found at 80 and lOOd only. At both these stages significantly highest value was found 
in 80kg N/ha treatment. At 80d, the value for 60kg N/ha was significantly superior to 
those for 40 and 0kg N/ha whereas at lOOd, both ^0 and 60kg N/ha treatments recorded 
values which were at par with each other (Table 109). 
Effect of ethrel treatments was significant at 80 and lOOd only. At 80d, highest 
value was found in 400ppm treatment and lowest in 600ppm treatment, whereas at 
lOOd significantly highest value was found in 200ppm ethrel treatment and lowest in 
highest concentration (Table 109). 
The interaction effect was found to be non-significant. 
4.4.1.9 Crop growth rate 
Crop growth rate (CGR) was significantly affected by nitrogen both at 80-lOOd 
and 100-120d period. At 80-lOOd period, maximum value for CGR was found in 80kg 
N/ha which was at par with that for 60kg N/ha treatment, whereas at 100-120d period, 
60kg N/ha gave highest value followed by 80, 40 and 0kg N/ha treatments in that order 
(Table 110). 
At both 80-100 and 100-120d intervals, significantly highest value was found in 
200ppm ethrel treatment. At both stages lowest value was found in 600ppm ethrel 
treatment (Table 110). 
Interaction effect was significant at 80-lOOd period and during that growth stage 
60kg N/ha at 200ppm concentration had highest value and that was at par with that for 
80kgN/ha x 400ppm ethrel treatment. At 100-120d period, 60kg N/ha in combination 
with 2U0ppm ethrel treatment showed maximum value (Table 110). 
4.4.1.10 Relative growth rate 
At 80-1 OOd maximum relative growth rate (RGR) was found in 60kg N/ha. The 
value for 60kg N/ha was at par with that for 80kg N/ha treatment. At 100-120d period, 
significantly highest value was found in 60kg N/ha treatment and lowest value at 40kg 
N/ha (Table 111). 
Maximum RGR was found in 200ppm ethrel treatment, which was statistically 
equal with that for 400ppm treatment at 80-1 OOd period. Between 100-120d period, 
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The interaction effect was found to be significant and at both stages significant 
highest value was found in 60kg N/ha at 200ppm ethrel treatment (Table 111). 
4.4.1.11 Net assimilation rate 
At 80-lOOd, maximum net assimilation rate (NAR) was found in 60kg N/ha. 
The value obtained for 60kg N/ha was at par with that for 80kg N/ha but significantly 
superior to 0 and 40kg N/ha treatment. At 100-120d period, significantly highest value 
was found in 60kg N/ha treatment and lowest value at 80kg N/ha treatment (Table 
112). 
Ethrel spray at 200ppm registered maximum value but at par with that of 
400ppm at 80-lOOd interval. At 100-120d period, 200ppm registered significantly 
highest value (Table 112), 
The interaction effect was found to be significant at 100-120d period only when 
60kg N/ha in combination with 200ppm ethrel treatment yielded highest value for NAR 
(Table li 2). 
4.4.2 Photosynthetic parameters 
Photosynthetic parameters studied at 80, 100 and 120 d after sowing, included 
chlorophyll content, net photosynthetic rate, stomatal conductance, photosynthetic 
active radiation and photosynthetic water use efficiency (Tables 113-117). 
4.4.2.1 Chlorophyll content 
At 80d, 60 and 80kg N/ha, which recorded values at par had highest value while 
80kg N/ha gave significantly superior value in comparison to 60kg N/ha at 100 and 
120d. Significantly lowest value for chlorophyll content was found in control treatment 
(Table 113). 
In general the chlorophyll content increased with increasing levels of ethrel. At 
80 and 120d, 200, 400 and 600ppm treatments recorded values at par but significantly 
superior to control. While at lOOd, 600ppm ethrel treatment registered significantly 
highest value (Table 113). 
The interaction effect was found to be non-significant. 
4.4.2.2 Net photosynthetic rate 
Treatments 60 and 80kg N/ha, which registered maximum values at 100 and 
120d, were at par with each other while at 80d, 80kg N/ha registered significantly 
highest value. Significantly lowest value of net photosynthetic rate was found in control 
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Photosynthetic rate in general increased with increasing levels of ethrel 
concentrations. At 80 and 120d, values for all the three ethrel treatments were at par but 
significantly superior to control. While at lOOd, 600ppm which was equal in effect with 
that of 400ppm registered maximum value. Significant lowest value was found in 
control (Table 114). 
The interaction effect was found to be non-significant. 
4.4.2.3 Stomatal conductance 
Nitrogen at 60kg/ha registered statistically equal value to that of 80kg N/ha and 
showed maximum effect at all the sampling stages. However, 40kg N/ha was superior 
in the effect and inferior to control and 60kg N/ha treatment respectively (Table 115). 
The values recorded for 200, 400 and 600ppm ethrel spray treatments at 80 and 
lOOd were at par but significantly superior to control. While at 120d, 400ppm treatment 
recorded values, which were at par with 600ppm treatment but superior to 200ppm and 
control (Table 115). 
The interaction effect was found to be non-significant. 
4.4.2.4 Photosynthetically active radiation 
At all the stages the values for 80kg N/ha were statistically equal with that for 
60kg N/ha but were significantly superior to 40kg N/ha, which in turn was superior to 
control (Table 116). 
From lOOd onwards increase in ethrel concentration decreased 
photosynthetically active radiation value significantly. At lOOd, both 200 and 400ppm 
were at par in effect with each other, while at 120d, 400 and 600ppm concentrations 
recorded values at par with each other (Table 116). 
The interaction effect was found to be non-significant. 
4.4.2.5 Photosynthetic water use efficiency 
Application of 60kg N/ha registered value at par with that for 80kg N/ha and 
was maximum at 80 and lOOd, while at 120d, all the nitrogen levels were statistically 
equal in their effect but superior to control (Table 117). 
Ethrel treatment effect was significant at 80 and lOOd only. At both these stages 
values for 200ppm concentration were at par with that for 400 and 600ppm and were 
significantly superior to control (Table 117). 
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4.4,3 Biochemical parameters 
Biochemical parameters studied at 80, 100 and 120d, included nitrogen, 
phosphorus and potassium concentration and with their uptake (Tables 118-123). 
4.4.3.1 N, P and K concentrations of plants 
4.4.3.1.1 Nitrogen 
At 100 and 120d, application of 80kg N/ha gave significantly highest values 
whereas at 80d, the value given by 80kg N/ha and 60kg N/ha were at par. Significantly 
lowest value was found in control (Table 118). 
Ethrel application was significant fi-om lOOd onwards. At both 100 and 120d, 
600ppm ethrel registered maximum value. However, at lOOd, the values for 400 and 
600ppm were at par but superior to 0 and 200ppm (Table 118). 
The interaction effect was found to be non-significant. 
4.4.3.1.2 Phosphorus 
Significant reduction in phosphorus content with increased levels of nitrogen 
applied was found at all sampling stages. Treatment 60 and 80kg N/ha recorded values 
at par with each other but were inferior to 0 and 40kg N/ha treatments, which in turn 
were at par with each other at all stages (Table 119). 
At both 100 and 120d, values for 600ppm ethrel, which was at par with that of 
400ppm treatment, registered maximum value which were significantly superior to 0 
and 200ppm treatments. The values for later two treatments were also at par with each 
other (Table 119). The interaction effect was found to be non-significant. 
4.4.3.1.3 Potassium 
Significant reduction in potassium per cent with increased levels of nitrogen 
applied was found at all sampling stages. Application of 60 and 80kg N/ha recorded 
values at par and were inferior to 0kg N/ha treatment. The value for 40kg N/ha was at 
par with that of 0kg N/ha treatment at 80 and lOOd (Table 120). 
At lOOd, 600ppm ethrel treatment registered significantly highest value. Spray 
of 200, 400 and Oppm treatments registered values at par with one other. At 120d, spray 
of 400ppm and 600ppm registered maximum and statistically equal values, which were 
significantly superior to those for 0 and 200ppm spray. The values for later 
concentrations were also at par with each other (Table 120). 
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4.4.3,2 N, P and K uptake of plants 
4.4.3.2.1 Nitrogen 
Application of 80kg N/ha registered significantly highest value at all sampling 
stages followed by 60kg N/ha treatment. N uptake in general increased with increasing 
levels of applied nitrogen (Table 121). 
The effect of ethrel spray was significant only at lOOd. At this stage spray 
concentrations of 200, 400 and 600ppm registered values which were at par with one 
another but significantly superior to control (Table 121). The interaction effect was 
found to be non-significant. 
4.4.3.2.2 Phosphorus 
At 80 and 120d, 60kg N/ha and 80kg N/ha were equally effective and gave 
statistically equal values, while at lOOd, 80kg N/ha registered significantly highest 
value. Treatment of 40kg N/ha gave value that was significantly superior to control but 
inferior to 60 and 80kg N/ha values. Significantly lowest value was found in control 
(Table 122). 
At 80d, 400 and 600ppm ethrel treatments recorded values, which were at par 
but significantly superior and inferior to 200ppm and Oppm respectively. While at 
lOOd, all the ethrel concentrations yielded values at par but significantly superior to 
control. At 120d also, all the ethrel treatments registered at par values (Table 122). 
The interaction effect was found to be non-significant. 
4.4.3.2.3 Potassium 
At 80d, 80kg N/ha showed maximum potassium uptake and the value for this 
treatment was statistically equal with that for 60kg N/ha. While at 100 and 120d, 80kg 
N/ha registered significantly highest value. Significantly lowest value was found in 
control. 40kg N/ha recorded value significantly superior and inferior to 0 and 60kg 
N/ha treatment respectively (Table 123). 
No significant effect of ethrel treatments was found at any stage. The interaction 
effect was also found to be non-significant. 
4.4.4 Yield parameters 
Yield parameters studied at harvest included pod number per plant, seed number 
per pod, 1000-seed weight, seed yield, biological yield, harvest index, seed yield merit, 
seed nitrogen content, nitrogen harvest index, nitrogen yield merit and merit of 
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4.4.4.1 Pod number per plant 
Maximum number of pods per plant was found in 60kg N/ha, which was also 
statistically equal with that for 80kg N/ha and was significantly superior to 40kg N/ha 
treatment. Significantly lowest value was found in control (Table 124). 
Significantly highest pod number per plant was found in 200ppm ethre! 
treatment followed by 400ppm and control (Table 124). 
The interaction effect was significant and it was found that 60kg N/ha treatment 
and 200ppm ethrel treatment showed highest value, which was at par with that for 80kg 
N/ha at the same ethrel concentration (Table 124). 
4.4.4.2 Seed number per pod 
Seed number per pod increased with increasing N levels and 80kg N/ha 
registered maximum value. However, the effect of 60kg N/ha was also equal with 80kg 
N/ha. Lowest seed number per pod was found in control (Table 124). 
Significantly highest number of seeds per pod was found with spray of 200ppm 
ethrel followed by 400, 0 and 600ppm in that order (Table 124). The interaction effect 
was found to be non-significant. 
4.4.4.3 1000-seed weight 
1000-seed weight increased with increasing levels of nitrogen applied. Among 
N applications, 60kg N/ha and 80kg N/ha registered statistically equal 1000-seed 
weight. The lowest value was found in 0kg N/ha treatment (Table 124). 
Significantly maximum value for 1000-seed weight was obtained with 200ppm 
ethrel concentration followed by 0, 400 and 600ppm concentrations (Table 124). 
The interaction effect was found to be non-significant. 
4.4.4.4 Seed yield 
Maximum seed yield was found in 80kg N/ha treatment. However, application 
of 60kgN/ha also gave value, which was statistically equal with that for 80kg N/ha. 
Significantly lowest value was found in control (Table 125). 
The seed yield had similar results for ethrel as that for other yield attributing 
parameters. Spray of 200ppm resulted in significantly highest value for seed yield 
followed by 0, 400 and 600ppm concentrations (Table 125). 
The interaction effect was significant and 80kg N/ha and 200ppm ethrel 
concentration registered highest value. This was at par with that for 60kg N/ha at the 
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4.4.4.5 Biological yield 
Biological yield was maximum in 80kg N/ha, the value for which was 
statistically equal that for 60kg N/ha. Lowest value was found in control (Table 125). 
Biological yield in response to ethrel treatment was significantly highest with 
200ppm ethrel spray. Control and 400ppm ethrel treatment effects were equal but 
superior to 600ppm concentration (Table 125). 
The interaction effect was found to be non-significant. 
4.4.4.6 Harvest index 
Harvest index was not affected significantly by nitrogen application. Ethrel 
spray at 200ppm gave maximum harvest index, the value of which differed critically 
with other treatments (Table 125). 
The interaction effect was found to be non-significant. 
4.4.4.7 Seed yield merit 
Application of 60kg N/ha registered value statistically equal to that of 80kg 
N/ha but significantly superior to 40kg N/ha and control (Table 126). 
Among ethrel treatments, 200ppm concentration recorded significantly highest 
value followed by control, 400 and 600ppm in that order (Table 126). 
The interaction effect was found to be significant at 60kg N/ha and 200ppm 
ethrel concentration, which was at par with that for 80kg N/ha with the same ethrel 
treatment (Table 126). 
4.4.4.8 Seed nitrogen per plant 
Among nitrogen treatments, the values recorded for 60kg N/ha and 80kg N/ha 
were at par and were higher as compared to 40kg N/ha and control (Table 127). 
Values registered for ethrel spray of 200, 400 and 600ppm concentrations were 
at par but significantly superior to control (Table 127). 
The interaction effect was found to be non-significant. 
4.4.4.9 Nitrogen harvest index 
Nitrogen harvest index was found to be non-significant for applied nitrogen 
levels, ethrel spray treatment and their interaction (Table 127). 
4.4.4.10 Nitrogen yield merit 
Among applied nitrogen levels, 60kg N/ha registered highest value while 
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Among ethrel treatments, 200 and 400ppm concentration registered at par and 
highest values followed by 600ppm. Control treatment recorded lowest value (Table 
128). 
Interaction effect was found to be significant. Interaction of 60kg N/ha and 
200ppm ethrel treatment produced maximum rutrogen yield merit. The value for this 
interaction was statistically equal with that for 60kg N/ha and 400ppm ethrel treatment 
(Table 128). 
4.4.4.11 Merit of genotype 
Among nitrogen levels, 60kg N/ha registered significantly highest value 
followed by 80kg N/ha treatment. The effect of 40kg N/ha was at par with control but 
was inferior to 80kg N/ha treatment (Table 128). 
Spray of 200ppm ethrel registered significantly highest value followed by 
400ppm concentration. Spray of 600ppm concentration recorded values superior and 
inferior to Oppm and 400ppm concentration respectively (Table 128). 
The interaction effect was found to be significant and maximum value was 
obtained with 60kg N/ha and 200ppm ethrel treatment, which differed critically fi^om 
others (Table 128). 
4.4.5 Quality parameters 
Quality parameters studied included oil content, oil yield, acid value, iodine 
value and saponification value (Tables 126, 129). 
4.4.5.1 Oil content 
No significant results were found for oil content with applied nitrogen levels 
and ethrel concentrations (Table 126). The interaction effect was also found to be non-
significant. 
4.4.5.2 Oil yield 
Maximum value for oil yield was found in 60kg N/ha treatment which was at 
par with that for 80kg N/ha, but was significantly superior to 40kg N/ha. Significantly 
lowest value was found in control (Table 126). 
Spray of 200ppm ethrel treatment resuhed in significantly highest value for oil 
yield. Values for control and 400ppm were at par with each other but superior to that 
for 600ppm concentration (Table 126). 
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The interaction between 60kg N/ha and 200ppm ethrel resulted in highest value, 
which was at par with that for 80kg N/ha in association with 200ppm ethrel treatment 
(Table 126). 
4.4.5.3 Acid value 
This parameter was significantly affected only due to nitrogen application. It 
was found that application of nitrogen upto 80kg N/ha significantly reduced this value. 
Thus, control recorded maximum value (Table 129). 
Spray of ethrel did not affect acid value significantly. The interaction effect was 
also found to be non-significant (Table 129). 
4.4.5.4 Iodine value 
Application of nitrogen significantly reduced the iodine value. With increase in 
applied levels, iodine value was reduced. However, no significant decrease was found 
after 60kg N/ha (Table 129). 
Like ethrel treatments, the interaction effect was also found to be non-
significant (Table 129). 
4.4.5.5 Saponification value 
Nitrogen application did not influence saponification value (Table 129). 
Ethrel spray of 200, 400 and 600ppm concentration resulted in statistically 
equal and maximum values (Table 129). The interaction effect was found to be non-
significant. 
The coefficient of variation (CV) for the Experiments 1-4 is given in Table 130. 
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Per capita calorie intake is a good indicator of the health of a nation. The 
widespread concept that the only way to eliminate poverty and hunger is by increasing 
food production is appropriate. This is not an unsound proposition as non-availability 
of food is certainly one of the main causes of the widespread hunger in developing 
countries. In post-independent India a new surge in the agricultural production began in 
the shape of well known "Green Revolution", which led to almost trebling of food 
grains production within a span of three decades. The factors that helped to achieve the 
task of Green Revolution included new hybrid seeds, irrigation facilities and extensive 
use of chemical fertilizers. However, these very inputs also made agriculture more 
expensive and as a result agricultural output prices increased, taking most food grains 
beyond the reach of the poor. According to 1999, Food and Agriculture Oraganisation 
focus on the "State of Food Insecurity in the Worid" reported that India has 204 million 
undernourished people (Khan, 2001). To feed the ever-increasing population, more and 
more food has to be produced from less and less land, water and other natural resources 
available. This mean that increased food production has to be achieved in a sustainable 
and environment friendly manner. 
Though the green revolution did increased food grain production in the country, 
it was achieved at a cost of intensive use of irrigation water, fertilizers and other inputs. 
This has resuhed in problems of soil salination, ground water pollution, nutrient 
imbalance, emergence of new pest diseases and environmental degradation. The 
problem is aggravated by the constant rise in population, which is estimated that by 
2020, India's population is likely to be around 1.3 billion. In addition to this. All India 
Yield Indices of Major Crops is found to be stagnating or declining due to stagnating 
yield and decreasing land-man ratio. This has exerted a massive pressure for managing 
the available resources in such a way as to be benefited maximally. 
The key concern, therefore, for agricultural scientists is to produce enough food 
to satisfy the hunger of more than a billion people through agricultural techniques 
which are environmentally sustainable. Nitrogen has been one of the mineral nutrient 
elements of prime importance in increasing agricultural productivity. It has a well-
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established role in the plants and is taken up in large quantity by plants. It is estimated 
that terrestrial plants assimilate approximately 1.4 gigatons of nitrogen annually and 
about 90 to 95 per cent of the total is from mineral nitrogen (Marschner, 1986). High 
input of nitrogen demanded by the plants although increases growth and yield of the 
crop, it has some negative aspects also. Its excessive use besides causing environmental 
degradation phenomenon like eutrophication also causes a heavy burden on our foreign 
reserves on its production. 
Therefore, an approach, which may minimize the application of nutrients, 
particulariy nitrogen, without decreasing the performance of the crop, is to be explored. 
In this context, chemical manipulation is found to be engaged in enhancing the growth 
and productivity of crop plants (Leopold and Kriedmann, 1979; Khan, 1996; Singh, 
1996; Khan et al., 1998; Khan et al, 2000). 
The most commonly used and best understood group of plant growth regulators 
include those which inhibit gibberellin biosynthesis like quaternary ammonium 
compounds, pyrimidines, triazoles and norborenodiazetines that interfere with 
biosynthesis of gibberellins and sterols (Izumi et al, 1984; Rademacher and Jung, 
1986) and those which regulate the production of ethylene (Khan, 1996; Khan et al, 
2000). 
Keeping in mind the above facts four field experiments were conducted on 
mustard {Brassica juncea L. Czem & Coss.) cultivars grown under non-irrigated 
conditions on the following lines; 
1. To study the effect of foliar application of cycocel on growth, photo synthetic, 
nutrient accumulation, yield and quality characteristics of mustard cultivars. 
2. To study the effect of foliar application of ethrel on mustard cultivars on growth, 
photosynthetic, nutrient accumulation, yield and quality characteristics. 
3. To study the effect of foliar spray of cycocel or ethrel on mustard cuhivar grown 
with varying levels of basally applied nitrogen on growth, photosynthetic, biochemical 
and yield characteristics, and nitrogen yield merit, seed yield merit and merit of 
genotype. 
4. To compare the efficacy of the applied growth regulators in enhancing growth, 
nitrogen use efficiency and finally seed yield of mustard cultivar grown with or without 
nitrogen. 
The results obtained in Chapter 4 are discussed below: 
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5.2 Experiment 1 and 2 
Experiment 1 and 2 were conducted to study the effect of foliar application of 
cycocel (Experiment 1) and ethrel (Experiment 2;^  on growth, photosynthetic, nutrient 
accumulation, yield and quality characteristics of the mustard cultivars (Alankar, 
PBM16, RH30 and Varuna). The growth parameters, plant length, leaf number per 
plant, leaf area per plant, specific leaf area, specific leaf mass and dry mass distribution 
in leaf, stem and pod and plant dry mass were recorded at 80, 100 and 120d after 
sowing. Crop growth rate, relative crop growth and net assimilation rate were 
calculated for the periods 80-100 and 100-120 days interval. Photosynthetic parameters 
(chlorophyll content, net photosynthetic rate, stomatal conductance, photosynthetic 
water use efficiency and photosynthetically active radiation) were also determined at 
80, 100 and 120d; biochemical parameters (N, P and K concentration in plant and their 
uptake) were also determined at these stages. At maturity (120d) yield parameters like 
number of pods per plant, number of seeds per pod, 1000 seed weight, seed yield, 
biological yield, harvest index and seed yield merit were determined. Seed quality 
characteristics (oil yield, oil content, acid, iodine and saponification value) were studied 
at harvest. 
5.2.1 Growth parameters 
Growth is defined as a process of expansion or an increase in size, where size 
may be described by dimensions of mass or length. Development on the other hand is a 
combination of host of complex processes that determine the passage of a plant through 
its life cycle. The process of growth and development are interlinked and both are 
influenced by several endogenous and exogenous factors, the vital among them are 
phytohormones and availability of nutrients in the soil (Mobin, 1999). In this section, 
significant data on various plant growth parameters are discussed. 
It was found in Experiment 1 and 2 that increasing concentration of cycocel and 
ethrel reduced the plant length at all sampling stages (Tables 6,36). Both these growth 
regulators brought about shortening of length of the cultivars. This was helpfiil in 
exposing less surface area for water loss through transpiration and also in increasing 
water use efficiency (Tables 25,55). These two aspects have been discussed in the 
following pages under a separate heading Photosynthetic Parameters (Section 5 2 2) 
The reduction in crop height and leaf size resuhed in the altered structure of canopies 
wh.ch was helpfi., .n .mprovmg light interception by leaves and better solar energ.^  
I l l 
harvesting ability of the leaves as evident from increased plant dry matter production 
(Tables 14,44). Similar reductions in plant length by these growth regulators was 
observed by Sauerbrey et al. (1987), Leitch and Kuat (1999) and Sanvicente et al. 
(1999). 
Earlier reports from the author's laboratory have established that spray of 
200ppm of ethrel on mustard plants enhanced the dry matter through increase in leaf 
area index (Khan, 1998, Khan et al., 2000) of mustard grown under non-irrigated 
conditions. 
Among the cultivars, Pusa Barauni showed maximum plant length which was 
due to increased intemodal distance in this cultivar. The number of leaves (nodes) in 
Pusa Barauni, Alankar and RH30 were almost equal (Tables 7,37) and Alankar and 
RH30 were shorter than Pusa Barauni (Tables 6,36), showing increased intemodal 
distance in Pusa Barauni. The growth regulators application not only reduced intemodal 
distance but also reduced the comparative the number of nodes and thereby the number 
of leaves at advanced growth stage of plants (120d). However, at most active stage of 
plant (80d), lower concentration of cycocel and ethrel both enhanced the leaf number 
and leaf area (Tables 7-8, 37-38), but there was about 11.7% and 10.2% reduction in 
leaf number per plant at lOOd due to highest concentration (SOOppm) use of cycocel and 
ethrel sprays. There is conflicting literature on reduction of leaf number per plant due to 
cycocel and ethrel application (Kar et al, 1989; Abo-El Khair et al, 1994; Singh, 
1996). 
Leaf growth results from massive and irreversible expansion of small daughter 
cells produced by meristematic divisions and therefore growth inhibition is related to 
the inhibition of cell expansion. Reduced rates of new cell production may make 
additional contributions to the inhibition of growth. Infact inhibition of leaf growth is 
often a primary whole-plant response to water stress, which may limit leaf growth, light 
interception, photosynthetic rate and hence yield (Blum, 1989. Under altered 
environment (limited water supply) this seems to be a beneficial adaptation because 
decline in leaf area, eventually depresses rates of transpiration and prolong the plant 
survival by extending the period of availability of soil water reserves in the root zone 
{Vassioura etal., 1993). 
Alankar had broader leaves than the other cultivars as it had the maximum leaf 
area in comparison to other cultivars (Tables 8,38). Spraying of growth regulators 
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increased the leaf area at 80d but reduced the leaf area by 17.9% and 18.7% at lOOd 
(when the leaf area was maximum) in highest concentration (SOOppm) of cycocel and 
ethrel respectively. The reduction in leaf area by cycocel and ethrel has been reported 
by Kasele et al. (1995) and Lee and David (1997), while Afria et al. (1998) and Singh 
(1996) reported increase in leaf area. It is reiterated that ethrel spray was found to 
increase leaf area index as reported by Khan (1996) and Khan et al. (2000). 
Higher leaf area in Alankar as compared to other cultivars was helpful in 
trapping more solar energy and thereby producing more dry mass than other cultivars. 
This is also clear from the increased crop growth rate, relative growth rate and net 
assimilation rate in Alankar (Tables 18-20, 48-50). The data on crop growth rate 
showed effectiveness of these growth regulators in adding dry mass and increasing net 
assimilation rate and finally dry mass. 
It was found that the distribution of dry mass (on per cent basis) towards leaf 
was more in PBM16 in comparison to other cuhivars, whereas the per cent distribution 
towards pods were more in Alankar. This shows the higher efficiency of Alankar in 
translocating metabolites towards sink (pods) due to cycocel and ethrel application, 
which was maximally affected with the application of 400ppm cycocel and 200ppm 
ethrel. 
Furthermore, the specific leaf mass was more in cycocel and ethrel sprayed 
plants than that of control, which showed spray of growth regulators enhanced the 
thickness of the leaves (unit area of leaf has higher dry mass). The dry mass thus 
accumulated was efficiently translocated to pod causing an increase in per cent pod dry 
mass (Tables 17,47). Linear regression analysis for various growth parameters with 
seed yield for Experiment 1 and 2 (Tables 131-132) also confirmed the above 
statement. Enhanced plant dry mass, CGR, RGR and NAR finally contributed to the 
formation of seed. 
5.2.2 Photosynthetic parameters 
Rate of photosynthesis depends upon several factors prominent among them are 
canopy structure, effective interception of solar radiation, stomatal conductance and 
content of chlorophyll. Decreased photosynthesis under water stress is associated with 
the perturbations of biochemical processes (Graan and Boyer, 1990; Lauer and Boyer 
1992; Lu and Zhang, 1999). The initial impact of such stress is usually stomatal closure' 
wh,ch may result because of signal through roots (Davis and Zhang,1991) or because of 
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low turgor pressure in the cells (Collatz et al., 1991). Water stress results in the 
degradation of chlorophyll molecules, decrease in stomatal conductance (Saxena et al., 
1996), damage to the oxygen evolving complex of PSII (Toivonen and Vidaver, 1988; 
Saradevi et al, 1996) and to the PSII reaction centers (He et al, 1995). These all 
affected systems ultimately resuh in the decrease in the photosynthetic rate. Under such 
water stress situations, the use of chemicals may ameliorate its effects. Such 
observations were made in our experimental results. The content of chlorophyll per unit 
of plant increased by the application of cycocel and ethrel. From chlorophyll content 
and net photosynthetic rate it was found that spraying of both chemicals increased both 
the parameters. However, highest concentration (SOOppm) of applied cycocel and ethrel 
showed highest value of chlorophyll but not the maximum dry mass. This promoted to 
calculate the chlorophyll harvest by multiplying the chlorophyll content with that of 
leaf area at all the three stages of sampling. The trend found in chlorophyll harvest 
echoed itself in plant dry mass at 120d. Increase in chlorophyll content at a limited 
level increased the efficiency of the plant whereas further increase in chlorophyll 
content could not help in improving the efficiency of the leaf So any amount of the 
chlorophyll above the optimum level was found to be not useful to mustard plants. 
From regression analysis of chlorophyll content versus dry matter production showed 
that optimum level of chlorophyll requirement for mustard crop was 40.9 and 37.6 for 
cycocel and ethrel respectively (Fig. 10). Further increase in chlorophyll content might 
not decrease the dry weight. The reason for decrease in dry mass was decline in the leaf 
area. Optimum leaf area with optimum chlorophyll content is likely requisite for 
improved productivity, which was present at 400 and 200ppm of cycocel and ethrel 
treatments respectively. The beneficial effect of these growth regulators have been 
reported due to increase in cytokinin production in leaves thereby leading to higher 
chlorophyll content under stress conditions (Sairam et al, 1991; Kumari and Bharti, 
1998). These results are also supported by the fact that these growth regulators have 
also been found to modify chloroplast structure and integrity, by increasing their size, 
stromal lamella and number of thylakoids per grana stack and sink activities (Cliquet et 
al., \99\;AhQ\esetal, 1992; Sopher e/a/., 1999). 
Under non-irrigated conditions photosynthetic water use efficiency is an 
important determinant. Photosynthetic water use efficiency was found to be maximum 
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clearly reflects that positive effect of 400ppm of cycocel and 200ppm of ethrel on total 
plant dry mass production was through enhanced photosynthetic water use efficiency of 
mustard plants grown under non-irrigated conditions. The data on soil moisture content 
(Table 1 a) showed that with advancing the maturity of plants soil moisture content 
decreased. Under such water deficit situations spray of cycocel and ethrel increased 
photosynthetic water use efficiency and averted the ill effects of water deficits on plant 
growth. According to Vander Boogard et al. (1995) higher photosynthetic water use 
efficiency is a measure of higher rubisco activity. This results in higher net 
photosynthetic rate and production of more biomass. In confirmation to these findings, 
a linear regression analysis also show positive contribution of photosynthetic water use 
efficiency to final seed output (Tables 131-132). The effect of these growth regulators 
application on photosynthetic water use efficiency has not been reported eariier. 
5.2.3 Biochemical parameters 
5.2.3.1 Nutrient content 
The nutrient status of the plant is one of the most important attributes employed 
to assess the uptake of nutrients by plants and their availability in the soil (Jeschke et 
al., 1992). Water storage influences canopy development, assimilation and distribution 
of assimilates within the plants (Nilsen and Orcutt, 1996). The other factor which 
influences ion-transport through changes in membrane properties and on transport 
functions is plant growth regulators. These are associated with assimilate translocation 
in established source-sink systems (Thomas, 1986) and may affect membrane transport 
by regulating enzymes, energy metabolism or by acting directly on membrane (Bashist, 
1990; Sood et al., 1996). Therefore N, P and K contents and their accumulation in 
plants in the experiments were recorded at various growth stages like 80d (pod fill), 
lOOd (maturity) and 120d (harvest). 
The data revealed that in Experiments 1 and 2, the nutrient content increased in 
plant tissues due to application of 400ppm of cycocel and 200ppm of ethrel. The 
increased nutrient concentration in the plants may be ascribed to the alterations caused 
in endogenous growth substances, sterol composition and/or increased antioxidant 
activity due to exogenous application of growth regulators. Such reasons for higher 
nutrient concentrations due to exogenous supply of growth regulators have also been 
given by many workers. It is reiterated here that application of cycocel and ethrel have 
increased initial vigour of plant and overall crop growth. This has caused the total 
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higher uptake of nutrients by the plants. The data on nutrient and their increased uptake 
at successive growth stages provide strength to the statement. Among cultivars Alankar 
was found to have higher nutrient absorbing capacity due to its inherent characteristics 
as discussed earlier. 
5.2.3.2 Nutrient uptake 
Nutrient uptake pattern of the cultivars is generally influenced by the extent of 
source and demand exerted by plant metabolism. During the early growing period it 
was observed that in Experiment 1 the uptake of N, P and K (Tables 29-31) was 
increased by 28.5%, 24.8% and 25.9% respectively by 400ppm cycocel at lOOd. This 
increase in the uptake coincided with the period of intense building of structural blocks 
(plant organs). At later stages the N, P and K uptake gradually decreased upto 24.7%, 
21.1% and 22.4% at 120d (Tables 29-31) as the demand reduced. Similar trend was 
observed in Experiment 2, which showed an increase upto 28.6% (Tables 56-58) by 
200ppm ethrel at lOOd sampling. Several factors influence the nutrient availability. 
Water stress is one factor where nutrient uptake is decreased due to reduced 
transpiration, impaired active transport, membrane permeability and reduced root 
absorbing power. The application of cycocel and ethrel in Experiment 1 and 2 
respectively reduced the water stress impact, as is evident from data on photosynthetic 
water use efficiency. Thus, these growth regulators increased nutrient availability to the 
plants. Enhanced physiological activities under moisture stress due to growth regulators 
have also been reported by others (Sairam et al., 1989). 
In both experiments enhanced uptake of nutrients was due to development of 
larger canopies expressed as leaf area at early growth stages (Tables 8.38), which puts 
an extensive demand on the roots to extract more available nutrients. Among cultivars 
it was found that except RH30, all the other cultivars were almost same in their nutrient 
accumulation. RH30 accumulated lesser nutrients than other three cultivars. However, 
Alankar with 400ppm cycocel (Experiment 1) and Alankar with 200ppm ethrel 
(Experiment 2) accumulated highest nutrients. This was because of the dual impact of 
higher inherent efficiency of Alankar and favourable effect of cycocel and ethrel in 
enhancing crop growth, which puts demand for higher nutrient uptake. The contribution 
of N, P and K uptake in seed yield in Experiment 1 and 2 is shown in linear regression 
analysis where the two parameters were found significantly correlated (Tables 131-
132). 
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5.2,4 Yield parameters 
Vegetative growth of a crop is largely responsible for higher seed yield because 
number of photosynthesizing sites have determinant role in producing the 
photosynthatcs. Yield is the final manifestation of several intricate 
Morphophysiological traits, initiated at germination and terminate at harvest. However, 
yield under water limited conditions is dependent on the maintenance of an array of 
metabolic processes, including photosynthesis and water use efficiency. Plant water 
deficits at the pollination stage commonly cause flower abortion due to an irreversibly 
arrested embryo development (Zinselmeier et al, 1995). This is caused in parts by the 
reduction of photosynthesis and limited sucrose (photosynthatcs) flux from leaves to 
ovaries (Schussler and Westgate, 1995). Therefore, there is increasing evidence for 
metabolic and growth regulator effects in various crops, and some direct dehydration 
effects that might account for the susceptibility to water limitation of pollination stage. 
In fact, leaf number and leaf size together constitute the canopy structure and is 
actively involved in interception of solar radiation and in contribution of 
photoassimilates to the developing pods. Two sequential steps are necessary for a 
mustard plant to produce pods, a sink of pollinated pods capable of further development 
must be created and this must be supplied with photosynthatcs over the subsequent 
period of development. Thus seed yield at harvest may be determined either by the seed 
capacity established at pollination or by the quantity of photosynthate made available 
between pollination and maturity. There is a positive feed back cycle between 
photosynthetic products, growth and leaf area. The effectiveness of this cycle is 
undoubtedly influenced by water status. Under relatively favourable water conditions, 
this positive feed back cycle is unblocked; CO2 enrichment may increase plant grovs^h 
by stimulating photosynthetic rate and thereby accelerating the cycle (Rogers et al., 
1996). Under drought conditions, both cell wall extension and water uptake are 
inhibited and additionally plant as a whole unit has to allocate more energy for 
tolerating the water stress in the environment. This would inevitably make the above 
positive feed back cycle impeded or even invalidated. 
Among the four cultivars it was found that Alankar had maximum number of 
pods and significantly highest yield (Tables 32-33, 92-93). The number of seeds and 
1000 seed weight were almost equal among cultivars. It was found that Alankar had 
17.0% and 16.31% higher yield than that of Pusa Barauni, which had lowest yield in 
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Experiment 1 and 2 respectively (Tables 33,93). The translocation capacity, conversion 
of biological matter to seed (harvest index), of the cultivars was also found to be almost 
same in these experiments. 
The aim of two experiments was to find out the optimum level of cycocel and 
ethrel spray under non-irrigated conditions on mustard cultivars and thereby if possible 
to increase the yield. It was found that 400ppm of cycocel and 200ppm of ethrel 
improved the number of pods per plant. Primarily, the pod number enhancement 
contributed to the increase in yield and it was noted that seed yield was increased by 
18.2 and 22.8% due to 400ppm of cycocel and 200ppm of ethrel respectively. 
However, increase in number of seeds per pod (4.8% due to cycocel and 3,2% due to 
ethrel) and slight increase in 1000 seed weight also helped in increasing the seed yield 
(Figs. 4-5). Earlier, it was reported that under irrigated conditions 600ppm of ethrel 
(Khan, 1996) and under non-irrigated conditions 200ppm of ethrel (Khan, 1998; Khan 
et ai, 2000) enhanced the yield attributing characteristics and seed yield of mustard. 
Similarly, in other plants beneficial effect of cycocel and ethrel has been reported in 
different systems by many researchers including Pando and Srivastava (1985,1987), 
Ashraf et al. (1987), Shanahan and Nielsen (1987), Singh et al. (1988), Singh and 
Kumar (1991), Bueno-c-di et al. 
{1993), Zhou and Xi (1993), Cia et al. (1996), Khan (1996), Foroutan-pour et a/.(1997), 
Mandal et al. (1997) and Khan et al. (2000). However, Leitch and Kuat (1999) reported 
that application of ethephon as compared to chloromequate resulted in significant 
reduction in seed yield of linseed. Moreover, reduced plant length with short and short 
appearances, due to application of these growth regulators, reduced the chances of 
lodging of plant at harvest thereby further preventing the loss in yield. 
The yield attributes finally determine the seed yield. This is also supported fi"om 
linear regression analysis carried out for pod number, seed number and 1000 seed 
weight to seed yield (Tables 131-132). Through regression analysis, it was found that 
the suitable concentration of cycocel and ethrel for improving the yield was about 200-
500ppm of cycocel and 100-200ppm of ethrel (Figs. 11-12). 
It has been observed that the seed yield and harvest index of a crop fi-equently 
do not provide a satisfactory measure of plant yield efficiently because a larger plant 
may have a high seed yield and low harvest index but a small plant may have a low 
yield and high harvest index. Seed yield merit combines the two characteristics into a 
Table 131: Linear regression analysis between seed yield and some 
parameters. Values represented are coefficient correlation (r) for 
Experiment I (n=20, *significant at P=0.05, **significant at 
P=0.01) 
Parameters Sampling days Seed yield 
Plant dry mass 80 0.573** 
100 0.861** 
120 NS 
Crop growth rate 80-100 0.828** 
100-120 NS 
Net assimilation rate 80-100 0.834** 
100-120 NS 








N uptake 80 NS 
100 0.891** 
120 0.811** 
P uptake 80 NS 
100 0.849** 
120 0.828** 
K uptake 80 NS 
100 0.819** 
120 0.673** 
Pod number 120 0.634** 
Seed number 120 NS 
1000 seed weight 120 NS 
Table 132: Linear regression analysis between seed yield and some 
parameters. Values represented are coefficient correlation (r) for 
Experiment 2 (n=20, *significant at P=0,05, **significant at 
P=0,01) 
Parameters Sampling days Seed yield 
Plant dry mass 80 NS 
100 0.877** 
120 0.879** 
Crop growth rate 80-100 0.705** 
100-120 0.561** 
.Net assimilation rate 80-100 0.537* 
100-120 NS 








N uptake 80 NS 
100 0.778** 
120 0.795** 
P uptake 80 NS 
100 NS 
120 0.516* 
K uptake 80 NS 
100 NS 
120 NS 
Pod number 120 0.945** 
Seed number 120 0.660** 
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single parameter (Imsande, 1992). Seed yield merit (product of seed yield and harvest 
index) was increased by 34.3% and 39.2% by 400ppm cycocel and 200ppm ethrel 
respectively (Tables 34,64). Further increase in the concentrations of these growth 
regulators reduced the yield, proving the higher concentration inhibitory (Figs. 4-5). In 
mustard plants, grown under non-irrigated conditions, the effect of various 
concentrations of cycocel and ethrel on seed yield merit of crop is reported here for the 
first time. 
5.2.5 Quality parameters 
Due to increased seed yield, even though there was no significant increase in the 
oil content, there was about 14.5% and 10.3% increase in oil yield due to 400ppm of 
cycocel and 200ppm of ethrel treatment. Other quality parameters like acid, iodine and 
Saponification value were not aflfected by the cycocel and ethrel treatments and even 
cultivars did not show any significant difference (Tables 35,65). 
5.3 Experiment 3 and 4 
These two experiments were conducted to assess the effects of foliar spray of 0, 
200, 400 and 600ppm of cycocel or ethrel at 70d (post- flowering stage) on mustard 
cultivar, Alankar grown with 0, 40, 60 and 80kg N/ha. These two experiments were 
conducted on the basis of first two experiments, selecting the best cuUivar Alankar 
fi-om Experiments 1 and 2 and dropping SOOppm treatment fi^om the spray treatments. 
Growth, photosynthetic and biochemical parameters were same as in Experiment 1 and 
2. For assessing yield characteristics some additional yield traits, like nitrogen harvest 
index, nitrogen yield merit and merit of genotype were also determined. The effects of 
spray of cycocel or ethrel on various traits have been discussed earlier (Experiment 1 
and 2). In these two experiments (Experiment 3 and 4), the effects of cycocel or ethrel 
may be discussed on the same lines. In the following pages effects of basal nitrogen 
application along with cycocel or ethrel spray have been analysed and discussed. 
5.3.1 Growth parameters 
Nitrogen is the major limiting nutrient for most plant species (Greenwood, 
1982). Non-availability of nitrogen in Experiment 3 and 4 affected growth 
characteristics (Tables 66-80, 98-112). The best dose of nitrogen was 60kg N/ha and 
nitrogen level lower than this showed poor plant growth. At low (0 or 40kg N/ha) 
nitrogen level, the N absorbed by the roots was utilized for protein synthesis fi"om 
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Fig 5. Seed yield and seed yield merit of four mustard cultivars sprayed with ethrel 
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growth of the shoot. Acquisition and assimilation of N is second in importance only to 
photosynthetic carbon assimilation for plant growth and development (Heickel, 1980; 
Araus et al. 1993; Anten et al. 1995; Arthamawar et al. 1995). The lesser N content 
present in the plant also show that at lower levels of basally applied N, the plant growth 
was poor and not benefited much (Tables 66-80, 98-112). 
In our study the growth response of the plant was maximum with application of 
60kg N/ha than 0 or 40kg N/ha. This positive effect of N application is attributed to the 
changes in hormonal status, particularly enhanced ethylene evolution, which is reported 
to be increased by excessive ammonia accumulation (Corey et al, 1987; Arshad and 
Frenkenberger, 1991) and can be induced by urea fertilization (Barker and Corey, 
1990). It has also been reported that suitable N availability leads to tissue ammonia 
accumulation and increased ethylene formation (Abeles et al. 1992). Urea 
transformation in soil has been related primarily to the enzymatically catalyzed 
hydrolytic reduction of urea to NH4^ (Salisbury and Ross, 1994). It was found that at 
initial growth stage (80d) the application of 60kg N/ha resulted in an increase of 39.5% 
in plant height, 37.7% number of leaves and 55.3% in leaf area in comparison to 0kg 
N/ha (Tables 66-68, 98-100). 
It was found that the dry matter accumulation was much more in 60kg N/ha as 
compared to 0kg N/ha treatment at harvest (62.05%). This was due to significant 
increase in crop growth rate in early stages (85.8%) for 60kg N/ha over 0kg N/ha 
(Tables 78,110). However, at harvest the difference between the dry mass for 60kg 
N/ha and 80kg N/ha was very small. Net assimilation rate (NAR) as well as the relative 
growth rate (RGR) was more in higher levels of nitrogen which was possibly due to the 
fact that dry matter produced at higher nitrogen levels resulted into higher RGR. 
Likewise due to full exposure of leaves in higher nitrogen level towards sunlight 
without any mutual shading might have resulted into higher NAR. But the ultimate aim 
of producing greater biomass could be achieved only with 60kg N/ha treatment. 
The recovery in the dry mass due to application of higher nitrogen levels owes 
much to the better management of available source-sink relation. This was observed in 
the form of per cent leaf, stem and pod dry mass (Tables 75-77, 107-109), specific leaf 
mass (Tables 70,102) and enhanced leaf area (Tables 68,100). Shading of the lower 
leaves at later growth stages i.e. at 100-120d, started resulting in the decrease in NAR, 
COR and RGR 
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The contribution of leaf dry mass to total dry mass was found to be relatively 
higher for nitrogen levels of 40kg N/ha than all other treatments. As the level of 
nitrogen increased i.e. at 60 and 80kg N/ha, a progressive decrease in the contribution 
of leaf dry mass was observed (Tables 71,103). Pod dry mass was found to be highest 
in 60kg N/ha treatment. Specific leaf mass, which reflects the amount of food materials 
in the leaf was 7.63% at 80d and 7.23% at lOOd more in 60kg N/ha than 0kg N/ha, 
which implies the efficient translocation of dry matter towards pods in 60kg N/ha 
treatment. This was reflected in the form of contribution of pod dry mass (%), which 
was 16.2% higher in 60kg N/ha treatment than 0kg N/ha at 80d. however, it could be 
ascribed to the remobilization of dry matter firom source (leaves) to sink (pods) under 
the influence of balanced nutrient regime and to higher content of specific leaf mass at 
60kg N/ha treatment. The balanced nutrient profile helped in maintaining maximum 
growth traits. Together with this spraying of growth regulators also helped the plant to 
answer the signals relayed by water-limited soil solution fi-om roots to the shoots 
(Graan and Boyer, 1990; Zhang and Davies, 1990; Davies and Zhang, 1991; Nilsen and 
Orcutt, 1996). 
5.3.2 Photosynthetic parameters 
Under normal irrigation schedule, photosynthesis in plants is dependent upon a 
very delicate relationship of CO2 concentration, ambient temperature photon flex 
density, chlorophyll content and nutrient availability (Evans and Terashima, 1988; 
Aerts et al., 1989; Toft et al., 1989; Sage et al., 1990; Liu and Dickman, 1992; Polly et 
al., 1995). In spite of the fact that under non-irrigated conditions, the biochemical 
processes of photosynthesis are perturbed (Graan and Boyer, 1990; Lauer and Boyer, 
1992; Balasubramanian et al., 1993; Balasubramanian and Venkateswarulu, 1995), the 
devastating impact of water-stress was undone in the combination of nutrient and plant 
growth regulators. 
The present investigation has established an interrelation of rate of 
photosynthesis and photosynthetic water use efficiency with photosynthetically active 
radiation (PAR), chlorophyll content and stomatal conductance. At eariy growth stage 
rate of photosynthesis with 60kg N/ha treatment was 32.6% more than 0kg N/ha 
treatment, which resuhed due to increase in PAR (Tables 84,116) and also due to 
30.6% enhancement in chlorophyll content. These photosynthetic traits cumulatively 
improved the photosynthetic water use efficiency by 28.1% at lOOd. The rate of 
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photosynthesis was also found to be maximum for 60kg N/ha. At higher growth stages 
retrieval in photosynthetic characteristics was found which was because of expansion 
of upper half of the leaf profile consisting younger leaves. The presence of highest 
chlorophyll content in 60kg N/ha at 80, 100 and 120d is ascribed due to adequate 
supply of nitrogen that is known to form the basic building block of chlorophyll 
(Longstreth and Nobel, 1980; Andreeva et al, 1992; Paparozzi et ai, 1994; Ashraf e/ 
a!., 1995). 
Photosynthetic water use efficiency, stomatal conductance as well as net 
photosynthetic rates were significantly increased by nitrogen application (Tables 
85,117). This enhancement was due to high capacity o? Brassica crops to respond to 
large amount of nitrogen. The increasing Brassica crop's performance to higher 
nitrogen rates has now become a fact. 
The increase in PAR, stomatal conductance, chlorophyll content and net 
photosynthetic rate resulted in the improved performance of the crop as has also been 
reported by Field (1983), Dejong and Doyle (1985), Evans and Terashima (1988), 
Huber et al. (1989), Liu and Dickman (1992) and Khan et al. (2000). However, 
photosynthetic water use efficiency changes in response to nitrogen and growth 
regulators have not been reported earlier. 
5.3.3 Biochemical parameters 
5.3.3.1 Nutrient content 
Nutrient status of a plant in a particular spatial or temporal zone exhibit the 
nutritional requirement of the crop during that period in that part of plant and phase. In 
water scarce environment the amount of water in soil decreases and nutrient availability 
decreases as a result of such conditions. To counter this, the plant respond by 
vigorously proliferating the roots (an adaptive measure) which develop deep into soil 
layers in search of nutrients and water. Thus the amount of nutrient that can be 
transported to the shoots depend on the capacity of the roots to absorb nutrients fi-om 
the soil and transport them to the transpirational stream. The subsequent translocation 
of nutrients to the shoot is largely influenced by transpiration rate. The concentration of 
nitrogen in growth media exerts a considerable influence not only on the growth and 
mineral composition of the crop plants (Kurvits and Kirkby, 1980; Gashew and 
Mugwira, 1981; Ansari, 1990; Jeschke et al., 1992) but also affect the relative uptake of 
cations and anions by plants (Kirkby, 1981; Lovatt, 1986). 
Table 133: Linear regression analysis between seed yield and some 
parameters. Values represented are coefficient correlation (r) for 
Experiment 3 (n=20, *significant at P=0.05, **significant at 
P=0.01) 
Parameters 
Plant dry mass 
Crop growth rate 




































































Table 134: Linear regression analysis between seed yield and some 
parameters. Values represented are coefficient correlation (r) for 
Experiment 4 (n=20, *significant at P=0.05, **significant at 
P=0.01) 
Parameters 
Plant dry mass 
Crop growth rate 
































































In the present study, nitrogen content was found to increase with increasing 
levels of nitrogen applied which is also in accordance with the findings of Comtortill 
and Steele (1981), Kulliman et al. (1989) and Amoruwa et al. (1987). At initial 
growth stage nitrogen content increased by 52.15% at the highest N level applied as 
compared to 0kg N/ha. The concentration of phosphorus and potassium was not altered 
with varying levels of nitrogen to any great extent (Tables 87-88). The increase in the 
nitrogen content at early growth stage coincides with the increased rate of 
photosynthesis which resulted in accumulation of higher dry matter. 
5.3.3.2 Nutrient uptake 
Nutrient uptake was found to be well coordinated with supply of nitrogen. It is 
believed that availability of a given nutrient may interact with the uptake of other 
nutrients and thus making the uptake pattern more complex (Amoruwa et al, 1987; 
Marschner, 1986). The response of transport system (accumulation) to nitrogen 
deprivation (0kg N/ha) was negligible for content of nitrogen at SODAS sampling. The 
possible explanations are that there was a tendency for the root system to have more 
proliferation to other regions to meet the plant nutrient demand or it became larger 
relative to the shoot during nitrogen deprivation. Similar effects of nitrogen deprived 
conditions and phosphorus deprived conditions were observed by Moorby and Nye 
(1984). 
In Experiment 3, uptake of nitrogen, phosphorus and potassium was found to be 
maximum with 60kg N/ha. Nitrogen deprivation (0kg N/ha) decreased the uptake of N, 
P and K and their uptake were increased by 136.4 %, 44.3% and 37.4 respectively due 
to 60kg N/ha in comparison to no nitrogen at harvest (Tables 86-88, 118-120). In 
Experiment 4, uptake of nitrogen, phosphorus and potassium was found to be 
maximum with 60kg N/ha where the uptake of N, P and K was increased by 114.6%, 
41.1% and 35.3% respectively at harvest over no nitrogen. The accumulation of 
potassium possibly caused an increase in the turgidity of guard cells, which was 
facilitated by the increased stomatal conductance. This together with increased 
photosynthetic rate resulted in higher dry matter accumulation and enhanced 
photosynthetic water use efficiency It is also to mention that potassium helps in 
maintaining the rate of photosynthesis by improving the relative water content of the 
leaf through osmotic adjustment under water stress. It has also been reported that the 
accumulation of potassium in guard cells provides the necessary amount of solute for 
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developing the water potential gradient required for water movement into the guard 
cells for stomatal opening necessary for photosynthesis (Jensen and Tophoj, 1985; 
Tanguilig et al, 1987 and Thakral et al, 1997). 
The findings also encouraged the view that there is some form of coregulating 
of the nutrients uptake in mustard which may akin to that described for their 
accumulation (Vyas e/ al., 1995; Khan et al, 1997; Zaman and Choudhri, 1998) 
5.3.4 Efficiency of nitrogen 
Application of nitrogen more or less than the requirement results in change in 
the efficiency. For better results, it is required that input of nitrogen is used as a whole 
and cause an increase in seed out put. Efficiency of nitrogen was calculated as nitrogen 
use efficiency and productive efficiency of nitrogen. 
5.3.4.1 Nitrogen use efficiency 
Nitrogen use efficiency (NUE) has been defined as seed yield per unit of 
available N (Moll et al, 1982; Huggins and Pan, 1993; Prasad et al, 2000). Nitrogen 
use efficiency was calculated by dividing increase in seed yield due to fertilizer by the 
amount of fertilizer applied. Maximum efficiency of N was found when the fertilizer 
was applied to an optimum level. However, when the fertilizer was applied in sub-or 
supra-optimal level, the efficiency of N in enhancing seed yield was reduced (Table 
134). It may be reiterated here that at optimal N level nitrogen utilization efficiency 
was maximum showing the fact that absorbed N was maximally utilized in seed 
formation. Nitrogen use efficiency differs among cuhivars (Schmidt and Edwards, 
1981;Van Sanford and Mackown, 1986; Sage and Pearcy, 1987 a, b; Alagarswamy et 
al, 1998; Gauer et al, 1992; Pons et al, 1993; Ortiz-Monasterio et al, 1997) and with 
nitrogen and irrigation effects (Gajri et al, 1993). Increased fertilizer N decreased the 
nitrogen use efficiency has also been shown by Gajri et al, 1993; Fiez et al, 1994; 
Gardner e/a/., 1994; Sowers era/., 1994. 
5.3.4.2 Productive efficiency of nitrogen 
Productive efficiency of nitrogen was calculated by dividing the per cent 
increase in seed yield (kg/ha) due to fertilizer by per cent increase in N uptake (kg/ha) 
(Moll et al, 1982; Huggins and Pan, 1993; Prasad et al, 2000). This shows the 
contribution of absorbed N to the formation of seeds. 
From the results, it is clear that productive N efficiency in cycocel and ethrel 
sprayed plants was maximum when nitrogen was applied at optimum level. About 50% 
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of the increase in N uptake was used to increase seed yield in Experiment 3, whereas 
about 62% of increase in N uptake was used to increase seed yield in Experiment 4. 
Rest of the amounts were used in plant growth and development. It was found that 
optimum nutrient uptake efficiency was with 60kg N/ha (Table 135). 
5.3.5 Yield parameters 
Yield components of a crop is greatly influenced by the growth behaviour of the 
plant. Experimental results of Experiment 3 and 4 (yield attribute, Tables 92-93, 124-
125) showed differential response for the yield when the plants were placed in nitrogen 
deficient (0kg N/ha) to sufficient nitrogen (40 and 60kg N/ha) and nitrogen excess 
(80kg N/ha) conditions. It was found that application of 60kg N/ha improved the seed 
yield by increasing the proportions of the reproductive tissues (inflorescence and/or 
pods) to total dry matter (biological yield). There was 54.9% and 52.9% increase in pod 
number with 60kg N/ha in comparison to 0kg N/ha in cycocel and ethrel experiments 
respectively. The increase in yield due to N application was directly related to the 
increase in vegetative growth as it was found that there was not significant difference in 
harvest index and the biological yield also increased almost the same per cent to that of 
yield. There was 65.0% increase in yield and 61.8% increase in biological yield in 
cycocel experiment and 65.7% increase in yield and 60,4% increase in biological yield 
in ethrel experiment between 0 and 60kg N/ha treatment. 
Even though there was no difference in the number of seeds per pod, nitrogen 
application slightly increased the 1000 seed weight. The favourable effects of nitrogen 
on seed yield and yield attributes have been observed by number of research scientists 
(Khan et ai, 1990; Singh et al, 1991; Tomar and Mishra, 1991; Singh et al., 1995; 
Singh and Bansal, 1999; Khan et al, 2000; Khan et al, 2001). 
It has been observed that the seed yield and harvest index of a crop frequently 
do not provide a satisfactory measure of plant yield efficiency because a large plant 
may have a high seed yield and low harvest index but a small plant may have a low 
yield and high harvest index. Seed yield merit combines the two characteristics into a 
single parameter (Imsande, 1992). Similariy, merit of genotypes is the product of seed 
yield merit and nitrogen yield merit (Imsande, 1992). In the present investigation seed 
yield merit and merit of genotype were enhanced by 78.4% and 54.4% in Experiment 3, 
and in Experiment 4 they were enhanced by 67.2% and 24.1% respectively with 60kg 
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Fig 6: Seed yield and seed yield merit of mustard cultivar Alankar 
grown with four levels of nitrogen and sprayed with cycocel 
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Fig 7: Seed yield and seed yield merit of mustard cultivar Alankar 
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Fig 8: Nitrogen yield merit and merit of genotype of mustard cuitivar Alankar 
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Fig 9; Nitrogen yield merit and merit of genotype of mustard cultivar Alankar 
grown with four levels of nitrogen and sprayed with ethrel 
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The regression analysis results confirm that the increase in N application above 
70kg N/ha might not be helpful in yield production as it was found that after 60kg N/ha 
the curve became straight in the cycocel and ethrel treatments (Fig. 13). 
5.3.6 Quality parameters 
For assessing oil quality oil content, acid, iodine and saponification values of oil 
were determined. It may be added that low acid and iodine values are considered good 
for oil quality and denote good keeping and easy hydrogenation. High saponification 
value is good for digestibility and soap making quality. 
The seed quality is estimated by oil content and the oil quality by acid, iodine 
and saponification values. Application of nitrogen had not any significant effect in 
altering the oil content of the seed in the present study, however, reports are available 
for reduced oil content due to N fertilization (Smith et al., 1988; Gendy and Marquard, 
1989; Khan et al., 1990; Pinkerton, 1991; Samiullah et al, 1991; Asare and 
Scarisbrick, 1995; Khan, 1996). It is generally accepted that plants with supra optimum 
nitrogen levels have more protein and might have increased ability to fill the sink (i.e. 
seed). Increase in the protein and carbohydrates in the seed might increase the size or in 
other words the weight of the seed thereby reducing the oil content. Application of 
nitrogen or foliar spray of cycocel and ethrel did not alter the oil content of the seed in 
the present study. However, application of nitrogen at 60kg N^a level increased oil 
yield by 60.4% and 59.2% in Experiment 3 and 4 respectively. Increase in oil yield is 
also reported by Rana et al. (1991), Reddy et al. (1991), Ghosh et al. (1995), Kumar et 
al. (1995), Patra et al. (1995), Arthanwar et al. (1996), Khan (1996). 
5.4 Conclusions 
From the extensive browsing of all investigation it may be concluded that: 
1. Spraying of 400ppm cycocel and 200ppm ethrel increased the seed yield of mustard 
by 18.2% and 19.4% respectively. The increase in yield was mainly due to 
increased photosynthetic efficiency and increased translocation. 
2. Reduced leaf area due to 400ppm cycocel and 200ppm ethrel was compensated by 
increased chlorophyll content and photosynthetic capacity. 
3. Application of cycocel as well as ethrel increased the nutrient concentration as well 
as their accumulation. 
4. Among the cultivars Alankar responded significantly to both growth regulators. 
5. For optimum yield the N requirement was found to be 60-70kg N/ha. 
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6. Rate of photosynthesis, chlorophyll content, photosynthetically active radiation, 
stomatal conductance and photosynthetic water use efficiency was found to be 
maximum in 60kg N/ha for 400ppm cycoce! and 200ppm ethrel treatments. 
7. Availability of nitrogen with growth regulators increased content and uptake of 
nutrients. 
8. Spraying of cycocel and ethrel at 400 and 200ppm respectively improved the 
nitrogen use efficiency. The nitrogen use efficiency was found to be maximum only 
when nitrogen uptake was as per the requirement of the plant i.e. at optimum 
nitrogen level (60kg N/ha). Application of cycocel and ethrel further increased the 
nitrogen use efficiency. 
9. Productive efficiency of applied nitrogen was more when the applied amount was 
optimum i.e. at 60kg N/ha which was further improved by cycocel and ethrel 
treatment to the crop. 
10. Nitrogen application in association with cycocel and ethrel increased seed yield 
merit, nitrogen yield merit and merit of genotypes significantly. 
11. Growth regulators cycocel and ethrel did not alter the oil quality, but application of 
60kg N/ha improved the quality by decreasing and increasing the acid and 
saponification values respectively. 
5.5 Future Prospects 
Plant growth regulators have had a chequered history on the world 
agrochemical scene. An integration of the concept only can be achieved when we have 
really understood the individual events in basic metabolic level, so that they can be put 
together in a meaningflil way. This may take many more attempts to come to a 
conclusion. The future plan of work may envisage: 
1. To study the effect of cycocel and ethrel in hormonal level changes (particularly 
abscicic acid, gibberellic acid and ethylene). Their definite status in relation to 
each other may control the physiological and biochemical behaviour of plant. 
2. To study the enzymes involved in the nitrogen metabolism and impact of 
cycocel and ethrel spray on these regulatory steps. 




The present thesis Studies on Effect of Cycocel and Ethrel Sprays in 
Association With Nitrogen on Growth and Metabolism of Mustard Under Non-
Irrigated Conditions, comprises of six chapters. 
In chapter 1, the importance of the problem and lacunae in the understanding of 
the problem with justifications have been put forward for enterprising the present study. 
Chapter 2 comprises of the relevant available literature pertaining to individual 
as well as combined effect of plant growth regulators especially cycocel and ethrel with 
nitrogen nutrition on crop growth and development have been envisaged. 
Chapter 3 deals with the details of material and methods employed for the four 
field experiments conducted with relevant information regarding meteorological and 
edaphic conditions. 
In chapter 4, the results on crop response to treatments found significant at 
P<0.05 on performing statistical analysis according to the design for the experiment 
have been recorded in detail. 
The significant results have been discussed in the context of earlier findings in 
Chapter 5 and are summarized below: 
Experiment 1 (1997-98) was conducted according to factorial block design 
(RCBD) to study the effect of foliar application of cycocel on four mustard cultivars on 
growth (plant length, leaf number and leaf area per plant, specific leaf area, specific 
leaf mass, leaf, stem and pod dry mass, plant dry mass, per cent distribution of dry mass 
in leaf, stem and pod, crop growth rate, relative growth rate and net assimilation rate), 
photosynthetic (chlorophyll content, net photosynthetic rate, stomatal conductance, 
photosynthetic active radiation and photosynthetic water use efficiency) biochemical 
(N, P and K concentration and their uptake in plant), yield (pod number per plant, seed 
number per pod, 1000 seed weight, seed yield, biological yield, harvest index and seed 
yield merit) and quality (oil content, oil yield, acid value, iodine value and 
saponification value) characteristics under non-irrigated conditions. Five concentrations 
of cycocel (0, 200,400,600,800ppm) were applied to mustard cultivars Alankar, 
PBM16, Pusa Barauni and RH30. The cycocel was applied at post-flowering stage (70d 
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after sowing) and the data on different parameters were recorded at 80 (pod fill), 100 
(maturity) and 120 (harvest) d after sowing. 
The 400ppm concentration of cycocel proved best in comparison to other 
treatments for most of the parameters studied. Among cultivars, Alankar registered 
higher values as compared to other cultivars for growth, photosynthetic, biochemical, 
yield and quality characteristics. The interaction for few characteristics studied was 
found to be significant. 
Among growth parameters, plant length, leaf number, leaf area and plant dry 
mass were significantly increased by 400ppm cycocel concentration. The distribution 
of dry mass from source to sink was highly efficient in 400ppm cycocel treatment in 
mustard cultivar, Alankar as was evident from higher mass of pods. Crop growth rate 
was impressively enhanced with 400ppm cycocel treatment along with relative growth 
rate and net assimilation rate. 
Among photosynthetic parameters, chlorophyll content, net photosynthetic rate, 
stomatal conductance, photosynthetic water use efficiency and photosynthetically 
active radiation were increased significantly with 400ppm ethrel treatment in all the 
four cultivars of mustard, but Alankar proved superior. 
Among biochemical parameters, 400ppm cycocel treatment resulted in 
enhanced values for N, P and K concentrations and their uptake by mustard cultivars. 
Among yield parameters, number of pods, seed yield and seed yield merit were 
increased significantly for 400ppm cycocel concentration as compared to other 
concentrations in all the cultivars studied and thus enhanced the oil yield. The quality 
parameters, oil content, acid, iodine and saponification values did not show any 
significant difference for spray or cultivars. 
Experiment 2 (1997-98) was conducted according to factorial randomized block 
design (RCBD). The objective of this experiment was to study the effect of foliar 
application of ethrel on different mustard cultivars on growth, photosynthetic, 
biochemical, yield and quality characteristics under non-irrigated conditions. The spray 
concentrations of ethrel applied were 0, 200, 400, 600 and SOOppm. The four different 
mustard cultivars included Alankar, PBM16, Pusa Barauni and RH30. The growth 
regulator, ethrel spray was applied at post-flowering stages (70 d after sowing), while 
sampling stages included 80, 100 and 120 d after sowing. At various sampling stages 
data recorded on parameters were same as in Experiment 1. The 200ppm concentration 
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of ethrel registered best results for most of the parameters investigated for the growth 
characteristics, photosynthetic parameters, nutrient accumulation, yield characters and 
some quality characteristics. 
Among cuhivars, Alankar proved best for growth, photosynthetic, biochemical, 
yield and quality characteristics studied. 
The interaction effect was found to be significant for only few characteristics. 
Experiment 3 (1998-99) was conducted according to factorial randomized block 
design (RCBD) to assess the effect of foliar spray of cycocel at 70d after sowing (post-
flowering stages) on selected mustard cultivar, Alankar (on the basis of Experiment 1) 
grown with varying levels of basally applied nitrogen under non irrigated conditions. 
The parameters studied at 80, 100 and 120d included growth, photosynthetic, 
biochemical, yield and quality characteristics as in earlier two experiments. In this 
experiment nitrogen harvest index, nitrogen yield merit and merit of genotype were 
also determined. The cycocel concentrations used were 0, 200, 400 and 600ppm while 
nitrogen levels applied were 0, 40, 60 and 80kg N/ha. 
Among cycocel concentrations 400ppm while among nitrogen levels 60kg/ha 
registered significantly superior values as compared to other treatments. Cycocel at 
400ppm concentration improved growth, photosynthetic, biochemical, yield and quality 
characteristics. In this experiment it was found that application of 60kg N/ha registered 
maximum plant height, larger canopy and thereby improved biomass accumulation at 
all stages of sampling. Crop growth rate was improved with 60kg N/ha. Relative 
growth rate and net assimilation rate also showed similar results. 
Pod dry mass was maximum in 60kg N/ha which showed the efficient translocation of 
dry matter towards sink (pods). Among photosynthetic parameters, chlorophyll content, 
rate of photosynthesis, stomatal conductance, photosynthetic water use efficiency and 
photosynthetically active radiation were found to be maximum in 60kg/ha nitrogen 
level. Among biochemical parameters, nitrogen and potassium showed highest uptake 
at 60kg N/ha. Among yield parameters, pod number, seed yield, biological yield, 
harvest index, seed yield merit, nitrogen yield merit and merit of genotype were found 
to be maximum in 60kg N/ha treatment. Among quality parameters, quality of oil was 
improved by lowering the acid value and increasing the saponification value of the oil 
with the application of 60kg N/ha, where former considered being good for oil keeping 
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quality while latter for digestibility and soap making quality. The interaction effect for 
most of the parameters studied was found to be significant. 
Experiment 4 (1998-99) was conducted according to factorial randomized block 
design (RCBD) to assess the effects of foliar spray of ethrel (0, 200, 400, 600ppm) at 
70d (post-flowering) growth stages on mustard cultivar, Alankar (selected on the basis 
of Experiment 2) grown with 0, 40, 60 and 80kg N/ha. The data on growth, 
photosynthetic, biochemical, yield and quality parameters were recorded at 80, 100 and 
120d. The different parameters studied in Experiment 4 were same as that studied in 
Experiment 3. Individual effect of 200ppm ethrel, 60kg N/ha and their interaction for 
most of the parameters proved best. The treatments resulted in significantly highest 
values for growth, photosynthetic rate, photosynthetic water use efficiency, 
biochemical parameters, seed yield merit, nitrogen yield merit and other parameters 
studied. 
The present chapter is followed by an up-to-date bibliography of the literature 
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APPENVIK 
APPENDIX 
Preparation of Reagents 
The reagents for various chemical determinations were prepared according to 
the following methodology. 
Reagents for N, P and K determination 
1. Nessler's reagent 
3.5mg of potassium iodide were dissolved in 100ml of distilled water in which 4 
per cent mercuric chloride solution was added with stirring until a slide red precipitate 
remained. Therefore, 120g of sodium hydroxide with 250ml of distilled water were 
added. The volume was made upto one litre with distilled water. The mixture was 
decanted and kept in an amber-coloured bottle. 
2. Molybdic acid reagent (2,5%) 
1.25mg of ammonium molybdate were dissolved in 175ml of distilled water in 
which 75ml of ION sulphuric acid were added. 
3. Aminonapthol sulphonic acid 
0.5mg of 1-amino-2-napthol-4-sulphonic acid were dissolved in 195ml of 15 
per cent sodium bisulphate solution to which 5ml of 20 per cent of sodium sulphate 
solution was added. 
Reagents for oil analysis 
1. Hydrochloride acid (0.5 NHCI) 
Hydrochloride acid (21.49ml) was mixed with 478.51ml of double distilled 
water (DDW) to get 500ml of 0.5 NHCI. 
2. Iodine monochloride solution 
Iodine (13g) was dissolved in a mixture of 300ml of carbontetrachloride and 
700ml of glacial acetic acid and the resulting solution was divided into solution A and 
B. To 20ml of solution A, 15ml of potassium iodide solution (6) and 100ml of DDW 
were added and titrated against O.IN sodium thiosulphate solution (7) using starch 
solution (9) as a indicator. Chlorine gas was passed through solution B until the amount 
of O.IN sodium thiosulphate solution required for the titration was not more than 
double of that needed in solution A. 
3. Phenolpthalein solution 
Phenolpthalein (lOg) was dissolved in 95 per cent ethanol and the volume was 
made upto 1 litre, 
4. Potassium hydroxide (O.IN KOH) 
5.6g of KOH were dissolved in 95 per cent ethanol and the volume was made 
upto 1 litre. 
5. Potassium iodide solution (KI) 
Potassium iodide (ISOg) was dissolved in DDW and the volume was made upto 
1 litre. 
7. Sodium thiosulphate solution (O.IN NajSiOs) 
Sodium thiosulphate (24.8g) was dissolved in DDW and the volume was made 
upto 1 litre. 
8. Solvent mixture 
Ethanol 95 per cent was mixed in diethyl ether in 1:1 ratio. This mixture of 
solvent was neutralized just before use of O.IN KOH solution in the presence of 
phenolphthalein solution as an indicator. 
9. Starch solution 
Soluble starch (Ig) was dissolved in 100ml of boiling DDW. 
